(12) INTERNATIONAL APELICATION PUBLISHED UNDER THE PATENT O 



VnON TREATY (PCT) 



(19) World Intellectual Property OrganizatioD 

International Bureau 

(43) iDtemational Publication Date 
14 February 2002 (14.02.2002) 




PCT 



^^^RAl 

iiililiilliiiillilllllliiii 



(10) International Publication Number 

WO 02/12199 Al 



(51) IntematioDal Pdtent ClassificatioD^: C07D 239/54, 
A61K 31/505, A61P 31/04. C07D 239/36. 237/24, 213/80, 
237/28. 487/04, 471/04. 241/24. 215/56. 309/38. 231/22. 
239/46. 241/26. 3 1 1/24, 215/48. 401/04. 401/06. 487/06. 
401/12, 403/04, 403/12, 213/89, 215/58, A61K 31/44, 
31/495, 31/50 

(21) iDternational Application Number: PCT/EPOl/08949 

(22) laternational Filing Date: 2 August 2001 (02.08^001) 

(25) Filing LADguage: English 

(26) Publication Language: English 



(30) Priority Data: 
0018951.4 



3 August 2000 (03.08.2000) GB 



(71) Applicant Cfor all designated States except US}x 
SMITHKLINE BEECHAM P.L.C [GB/GB]; New 
Horizons Court, Brentford, Middlesex TW8 9EP (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US onfy)i AITKEN, Steven 
(GB/GB); GlaxoSmithKline, New Frontiers Science Park 
South, Third Avenue, Harlow. Essex CM19 5AW (GB). 
BROOKS, Gerald [GB/GB]; GlaxoSmithKline. New 
J^ntiers Science Park Soudi, Third Avenue. Hariow. 
Essex CM19 5AW (GB). DABBS, Steven [GB/GB]; Glax- 
oSmithKline, New Rontiers Science Park South, Third 
Avenue. Harlow, Essex CM19 5AW (OB). FRYDRYCH, 
Colin, Heniy [GB/GB]; GlaxoSmithKluie, New Frontieis 
Science Park South. Third Avenue. Harlow. Essex CM19 
5AW (GB). HOWARD, Steven [GB/GB]; GlaxoSmithK- 
line. New frontiers Science Park South. Third Avenue, 



Hailow, Essex CM19 5AW (GB). HUNT, Eric [GB/GB]; 
GlaxoSmithKline, New Frontiers Science Park South, 
Third Avmue, Harlow, Essex CM19 5AW (GB). 

(74) Agent: CONNELL, Anthony, Christopher, Corporate 
Intellectual l^perty, GlaxoSmithKline, Two New Hori- 
zons Court, Brentford, Nfiddlesex TW8 9EP (GB). 

(81) Designated States (national)*, AE, AG, AL, AM, AT. AU. 
AZ, BA. BB. BG, BR, BY. BZ. CA. CH, CN. CO, CR. CU. 
CZ, DE, DK, DM. DZ. EC, EE, ES. H. GB, GD. GE, GH. 
GM.HR.hu. ID, XL, IN. IS.JP.KE.KG,KP.KR,KZ.LC, 
LK. LR, LS. LT, LU. LV. MA. MD. MG. MK, MN. MW. 
MX. MZ, NO. NZ, PL. PT. RO. RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA. UG, US, UZ. VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIFO patent (GH, GM. 
KE, LS. MW, MZ. SD, SL. SZ, TZ, UG, ZW), Eurasian 
patent (AM. AZ, BY. KG. KZ, MD, RU. TJ. TM). European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, OR. IE. 
IT. LU. MC. NL, PT, SE, TR), OAPI patent (BF, BJ, CF. 
CO, CI, CM, GA, GN, GQ, GW, ML, MR. NE, SN, TD, 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event qf receipt of 
amendments^ 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" tqjpearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) Title: HETEROCYCLIC MUTILIN ESTERS AND THEIR USE AS ANTIBACrrERIALS 

^ (57) Abstract: Pleuromutilin compounds of formula (I), (II) in which: R' is: a 5- or 6-membered aromatic or heteroaromatic ring 
^ attached via a ring carbon atom, preferably pyridyl, and comprising a substituent selected from halo, R'O-, R^S- or R^'N- on a 

ring carbon adjacent to the carbon of attachment; or a 5- or 6-membered dihydro heteroaromatic ring attached via a ring carbon 
^\ atom and comprising one oxygen or one or two nitrogen atoms and optionally fused to phenyl, a 5- or 6-memberBd heteroaryl ring 
OS comprising one or two niut>gen atoms or a 5- or 6-membered hetenx^clyl ring comprising a sulf^ur, oxygen or nitrogen atom and 
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HETEROC^^^ MUTiLIN ESTERS AND THEIR USE A^^TIBACTERIALS 



The present invention relates to novel conipounds, to processes for their preparation, to 
S pharmaceutical compositions containing tb^ and to &eir use in medical therapy, particularly 
antibacterial thereby. 

Pleuromutilin, the compound of formula (A), is a naturally occurring antibiotic which has . 
antimycoplasmal activity and modest antibacterial activity. Mutilin and otiier compounds witti a 
free OH at C-14 are inactive. The impact of further modification at C-14 on the activity of 

10 pleuromutilin has been investigated (H. Egger and H. ReinshagCTi, J. Antibiotics^ 1976, 29, 923). 
Replacing the hydroxy group of the glycolic ester moiety at position 14 by anotiier O, S or N- 
linked group was found to improve anti-microbial activity. Thus, introducing a 
diethylaminoethylthio group gives the compound of formula (B), also known as Tiamulin, which 
is used as a veterinary antibiotic (G. Hogenauer in Antibiotics^ Vol. V, part 1, ed, F.E. Hahn, 

15 Springer-Verlag, 1979,p.344). 




(A) (B) 

In this application, the non-conventional munbering system which is generally used in the 
literature (G. Hogenauer, loc. cit.) is used. 

WO 97/25309 (SmithKline Beecham) describes further modification of the acyloxy 
group, disclosing inter alia 14-O-acyIcaibamoyl (R^0NR^C02-) derivatives of mutilin in 
which may have a range of values, including optionally substituted heterocyclic and R^ is a 
selected from a variety of monovalent groups. 

WO 98/05659 (SmithKline Beecham) describes further 14-O-carbamoyl derivatives of 
mutilin in which the N-atom of the carbamoyl group is acylated by a group which includes an 
azabicydic moiety. 

WO 99/21 855 (SmithKline Beecham) describes further derivatives of mutilin or 19,20- 
dihydromutilin, in which the glycolic ester moiety at position 14 is replaced by the group 
R2(CH2)m^(^^^2)n^2COO" in which r2 is a non-aromatic mono- or bicyclic grovp. 

WO 00/27790 (SmithKline Beecham) describes C-14 spirocyclic, acylcarbamate, 
heteroaryalkyl caiboxylate or arylalkoxyalkyl caiboxylate derivatives of mutilin or 19,20- 
dihydiomutilin. 

WO 00/37074 (SmithKline Beecham) describes further derivatives of mutilin or 19,20- 
dihydromutilin having a heteroaryl acetate substituent at the C-14 position. 
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WO 01/14310 (SmitWaine Beecham) describes further derivatives of mutilin or 19,20- 
dihydronnitilin having a |^keto ester substituent at the C*14 position. 

In addition, 19,20-Dihydro-2a-hydroxy-mutilin is described by G. Schnlz and H, Bemer 
in Tetrahedron, 1984, vol. 40, pp 905-917, 
5 The present invention is based on the unexpected discoyeiy that certain novel C-14 ester 

derivatives of mutilin have potent antimicrobial activity. 

Accordmgly the present invention provides a conq)Oimd of formula (lA) ot GB): 




10 (lA) (IB) 

in which: 
R^is: 

a 5- or 6-membered aromatic or heteroaromatic ring attached via a ring caibon atom, 
preferably pyridyl, and comprising a substituent selected from halo, R'^O-, R^S- or R^R^N- on a 
15 ring caibon adjacent to the caibon of attachment; or 

a 5- or 6-membered dihydro heteroaromatic ring attached via a ring carbon atom and 
comprising one oxygen or one or two nitrogen atoms and optionally fused to phenyl, a 5- or 6- 
membered heteroaryl ring comprising one or two nitrogen atoms or a 5- or 6-membered 
heterocyclyl ring comprising a sulphur, oxygen or nitrogen atom and further cQnq)rising a 
20 substituent selected from oxo or tiiioxo on a ring carbon adjacent to the carbon of attachment; 

a 6-membCTed tetrahydro heteroaromatic ring attached via a ring carbon atom comprismg 
one or two nitrogen atoms and further comprising two substituents independently selected from 
oxo or thioxo wherein one of the substituents is on a ring carbon adjacent to the caibon of 
attachment; or 

25 a bicyclic heteroaryl ring attached via a ring carbon atom and comprising nine or ten ring 

atoms and from one to four nitrogen atoms; 

wherein the ring of R^ may be optionally further substituted; 
r2 is vinyl or ethyl; 

r3 is H, OH or F and r4 is H, or r3 is H and R^ is F and R^ and r6 together form an oxo group; 
30 orR3andR4iseachHandR5isH,orOHandR6isHorR5isHandR6isHorOH; 

r7 is optionally substituted C(i.6)alkyl; and 

r8 and R^ are independently selected from hydrogen or optionally substituted C(i^alkyL 
Examples of compounds of formula (lA) include those in which r3 and R^ are bo* 
hydrogen, and R^ and R^ together form an oxo group. 
35 Exan^iles of rings for r1 include pyrazoIe,pyra2ine, pyridine, pyrim^ 

which may be optionally fused with a 6 membered aromatic or non-aromatic ring, optionally 
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in particular those comprising the moiety 



for example: 



5 




Preferred bicyclic examples of Ae ring for include: 




1 0 Examples of groups for include (Ci.6)alkoxy, e.g. methoxy and efliojgr. 

Examples of groups for R^ and R^ include hydrogen. 

When further substituted, an r1 group may comprise up to three substituents, preferably 
one or two, and may be substituted on a carbon atom and/or on a nitrogen atontL 

Examples of optional substituents for carbon atoms of R* include halogen, iC\^2SkyU 
15 aiyl, aiyl(Ci.6)alkyl, (Ci.6)alkoxy, (Ci^)alkoxy(Ci.6)alkyl, aiyl(Ci.6)alkoxy, hydroxy, nitro, 
cyano, azido, amino, mono- and di-AKCi.6)alkylamino, acylamino. arylcaibonylamino, acyloxy, 
carboxy esters, carbamoyl, mono- and di-iV-(Ci.6)aUcy'caibamoyl. (Ci^)alkoxycarbonyl, 
aiyloxycaibonyl, hydrazine, ureido, guanidino, (Ci.6)allg^lg^anidino, amidino, (Cj. 
6)alkylamidino, sulphonylamino, aminosulphonyl, (Ci^)all£yIthio, (Ci.6)al]qrlsulphinyl, 
20 (Ci.6)allcylsulphonyl, heterocyclyl, heteroaiyl, heterocyclyl(Ci.6)alkyl and 
heteroaiyl(Ci^)aIkyL 

Representative examples of optional substituents for caibon atoms of R^ include 
(Ci.6)alkyl (Ci^)alkylthio, amino, mono- and di-iS^-(Ci.6)alkylamino. RlO(Ci^)alkylaniino, 
imidazoMnyl, piperidmyl, piperazinyl (optionally substituted on N by r1 1), pyridyl, hydrazino, 
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N-(Ci.3)alkylhydra2ino, aminomethylcarbonylhydrazino, heterocyclyl(Ci.3)alkyl in which 
heterocyclyl comprises a 6-membered ring with 1 nitrogen atom and optionally an oxygm or a 
second nitrogen, and in which: 

rIO is hydroxy, amino, heteroaryl in which heteroaryl comprises a 5 or 6-membered ring 
5 with 1 or 2 nitrogen atoms, heterocyclylin which heterocyclyl comprises a 6-membered ring wifli 
1 nitrogen atom and optionally an oxygen or a second nitrogen, ^-anuno, in which: 

r1 1 is (Ci.3)alkyl, hydroxy(Ci.3)alkyl, caibamoyl, me&ylsulfonyU 
amino(Ci.3)alkylcarbonyl, for instance glycyl, aminocarbonyl(Ci.3)alkyL 

Examples of optional substituents for nitrogen atoms of R^, in particular nitrogen of a 
10 pyridine, pyridazine, pyrimidine or pyrazine ring, include R^2(Ci^)alkyl (preferably 
Rl2(Ci.3)alkyl), amino, mono- or di-(Ci^)alkylamino, N-(pyridyl(Ci.3)alkyl)-N- 
(Ci^3)alkylamino (in which pyridyl is optionally substituted, for exanople by (Ci^)alkoxy and/or 
ammo, mono- or di-(Ci.6)alkylamino), acyl- or sulfonyl amino, acyl- or sulfonyl- 
mono(Ci.6)aIkyIamino, optionally substituted phenyl, r130N-, Rl4(Ci^)alkylN(H/Me)-, 
15 Rl5cON(H/Me)- and r1%(CHO)-, in which: 

r12 is hydrogen, halo, nitrilo, amino, (Ci.6)alkoxy, (:Ci.3)alkoxy(Ci^alkoxy, (Ci. 
6)alkylcaiboxy, (Ci.6)alkpxy, heteroaiyl, heteroaiylcarbonyl, unidazolylOuo, heterocyclyl, 
optionally substituted phenyl; 

r13 is (Co^)a]kylheteroaryl in which the heteroaryl ring is 5- or 6-membered and has 1 
20 or 2 nitrogen atoms, for example pyridme, pyrazine and imidazole and which may be substituted 
by 1 or 2 substituents, for instance by (Ci.6)alkoxy, nitro, amino, (Ci.6)alkylaniino, di-(Ci. 
g)alkylamino, oxo; 

r14 is (Ci^)alkylheteroaryl in which the heteroaiyl ring is 5 or 6 membered and has 1 or 
2 nitrogen atoms, for example pyridine, and which may be substituted by 1 or 2 substituents, for 
25 instance by (Ci.6)alkoxy, nitro, amino, (Ci.6)alkylamino, di-(Ci^)alkylamino, oxo. 

r15 is (Ci ^alkyl, (Ci.6)alkoxy, aminomethyl, mono or dialkyl(Ci.6)aminomethyl, a 4, 
5 or 6 membered heterocyclic ring comprising a heteroatom selected from NH, NMe, and, for 
pyrrolidine, optionally substituted by hydroxy or methoxy, dioxothietane, imidazole, pyridine, 
pyridazine, pyrimidine, pyrazine; and 
30 r16 is hydrogen, (Ci^)alkyl, benzyl or pyridinylmethyL 

Preferably, the ring in R^ comprises one substituent 
Preferred values of R^ include: 
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in which R^^ is as he^^fefore defined, preferably such that the moie^^^NCO is derived fiom 
(D)- or (L)-proline, more preferably (L)-pn>line, and R^*^ is hydrogen or (Ci.6)allQrl, preferably 
mettiyl, and 



5 " 

in which: 

r18 is RlO(Ci^alkyl, and r15 is hydrogCT, or 
r1 8r1 fonn a piperazinyl ring optionally substituted on N by R^ 1 , 
in which R^ ^ and R^ ^ are as hereinbefore defined. 
10 r1 groups containing a substituent selected from oxo or tihioxo on a ring carbon adjacent 

to the carbon of attachment are referred to as pHDxo and p-thioxo groups respectively. 

When used herein, the term "aryl" refers to, unless otherwise defined, phenyl or naphthyl. 
A substituted aiyl group comprises up to five, preferably up to toee substituents. 

Suitable substituents for an ajyl group, including phenyl when fonning part of a benzyl 
15 group, include, for example, and unless otherwise defined, halogen, (Ci.6)alkyl, aiyl, aiyl(Ci^ 
6)alkyl, (Ci.6)aIkoxy, (Ci.6)alkoxy(Ci.6)alkyl, halo(Ci.6)aIkyl, aiyl(Ci.6)alkoxy, hydroxy, 
nitro, cyano, azido, amino, mono- and di-A^-(Ci.6)alkylamino, acylamino, aiylcarbonylamino, . 
acyloxy, carboxy, carboxy salts, caiboxy esters, carbamoyl, mono- and di-J^T- 
(Ci_6)alkylcarbamoyl, (Ci^alkoxycarbonyl, aryloxycarbonyl, ureido, guanidino, (Ci. 
20 5)aIkylguanidino, amidino, (Ci.6)aIkylamidino, sulphonylamino, aminosulphonyl, (Ci. 
g)allcylthio, (Ci .6)alkylsulphinyl, (C] ^6)alkylsuIphonyl, heterocyclyl, heteroaiyl, 
heterocyclyl(Ci.6)alkyl and heteroaryl(Ci.6)allvl- I» addition, two adjacent ring carbon atoms 
may be linked by a (C3.5)alkylene chain, to fom a caibocyclic ring. 

When used herein, the terms "alkyl" and "alkenyl" refer to (individually or as part of 
25 alkoxy or alkenyloxy) straight and branched groups containing up to six carbon atoms. 

When used herein, the terms "cycloalkyl" and "cycloalkenyl" refer to groups having from 
three to eight ring carbon atoms. 

When substituted, an alkyl, alkenyl, cycloalkyl or cycloalkenyl group may comprise up to 
four substituents, preferably up to two substituents. Suitable substituents for alkyl, alkenyl, 
30 cycloalkyl or cycloalkenyl groups include aryl, heteroaiyl, heterocyclyl, (Ci.6)alkoxy, 

(Ci.6)alkylthio, aryl(Ci.6)alkoxy, aryldCi^hlkylihio, amino, mono- or di-(Ci^)alkylamino, 
cycloalkyl, cycloalkenyl, caiboxy and esters thereof, amide, ureido, guanidino, (Ci. 
6)alkylguanidino, amidino, (Ci^)alkylamidino, (Ci.6)acyloxy, azido, hydroxy, and halogen. 

When used herein the terms "heterocyclyl" and "heterocyclic" refer to, unless otherwise 
35 defined, non-aromatic, single and fused, rings suitably containing up to four heteroatoms in each 
ring, each of which is selected fipm oxygen, nitrogen and sulphur. Each heterocyclic ring 
preferably has fix)m 4 to 7, preferably 5 or 6, ring atoms. A fused heterocyclic ring system may 
include cariiocyclic rings and need include only one heterocyclic ring. 
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When substituted, a heterocyclyl group may comprise up to three substituents. Preferably 
a substituent for a heterocyclyl group is selected from oxo, and the group hereinbefore defined as 
suitable aryl substituents. 

When used herein, the term "heteroaryl" suitably includes, imless otherwise defined, a 
mono- or bicyclic heteroaromatic ring system comprising up to four, preferably 1 or 2» 
heteroatoms each selected from oxygen, nitrogen and sulphur. Each ring may have from 4 to 7, 
preferably 5 or 6, ring atoms. A bicyclic heteroaromatic ring system may include a carbocyclic 
ring. 

When substituted, a heteroaryl group may comprise up to three substituents. Preferably a 
substituent for a heteroaryl group is selected from the group hereinbefore defined as suitable aryl 
substituents. 

When used herein, the term "acyl" includes formyl and (Ci^)alkylcaibonyL 

When used herein the term "sulfonyl" includes (C] .5)alkylsulfonyl. 

The term halo or halogen includes fluoro, chloro, bromo and iodo. 

Depending on the substituents, two or more diastereoisomers may be possible, hi that 
situation the present invention includes the individual diastereoisomers and mixtures tiiereo£ 

The 2-hydroxy-substituted compounds of formula (I) are of the 2 (5) configuration. 

Preferred compoxmds of the invention include: 
(4-Oxo-6,7,8,9-tetrahydro-4H-pyrimido[l ,2-a]pyrimidine-3-carboxylic acid) mutilin 14-ester ; 
[2-(3-Morpholino-propylamino>6-oxo-l,6-dihydro-pyrimidine-5"Carboxylic acid) mutilin 14- 
ester; 

(8-Ethyl-2-piperazin-l-yl-5K>xo-5,8-diTiydro-pyrido[2,3-d]pyrin^ acid) mutilin 

14-ester; 

{l,6-DiTiydro-l-IN-methyl-N-(D)-prolylaniino]-6-oxo-pyridazine-5-carboxylic acid} mutilm 14- 
ester; 

{l,2-Dihydro-l-[N-methyl-N-(D)-prolylamino]-2-oxo-pyridine-3-carboxylic acid} mutilm 14- 
ester; 

{l,6-Dihydro-l-[N-methyl-N-(L)-prolylamino]-6-oxo-pyridazine-5-carboxylic acid} mutilin 14- 
ester ; and 

{ l,6-Dihydro-l-[N-methyl-N-(L)-trans-me1hoxy-prolylammo]-6-oxo-py^ 

acid) mutilin 14-ester . 

The compoxmds of this invention may be in crystalline or non-crystalline form, and, if 
ciystallme, may optionally be hydrated or solvated. This invention includes within its scope 
stoichiometric hydrates as well as compounds containing variable amounts of water. 

The compoimds according to the invention are suitably provided in substantially pure 
form, for example at least 50% pure, suitable at least 60% pure, advantageously at least 75% pure, 
preferably at least 85% pure, more preferably at least 95% pure, especially at least 98% pure, all 
percentages being calculated as weight/weight 

Compounds of the invention that contain a basic group such as an amino substituent may 
be in the form of a free base or an acid addition salt Compounds having an acidic group such as 
a carboxy substituent may be in the form of a pharmaceutically acceptable salt Compounds of 
the invention having both a basic and an acidic centre may be m the form of zwitterions, acid 
addition salt of flie basic centre or alkali metal salts (of the carboxy group). Pharmaceutically 
acceptable salts are preferred. 

-7- 
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Pharmaceuti^^cceptable acid-addition salts include those described by Berge, 
Bighley, and Monkhouse, /, Pharm. Sci., 1977, 66, 1-19. Suitable salts include the 
hydrochloride, maleate, and methanesulphonate; particularly the hydrochloride. 

Pharmaceutically acceptable salts for acidic groups include those described by Berge, 
Bighley, and Monkhouse, J. Phamu Sci., 1977, 66, 1-19. Suitable salts include alkali metal salts 
such as the sodium and potassium salts. 

Compounds of the present invention may be readily prepared from a mutilin or a 19,20- 
dihydro-mutilin derivative by adapting procedures well known in the art for forming ester groups. 
Suitable procedures are reviewed in, for example, 1.0. Sutherland in Comprehensive Organic 
Chemistry, Vol. 2, ed. LO. Sutherland, p. 871-907, Pergamon, 1979. 

Accordingly, the present invention provides a process for preparing a compound of 
formula (lA) or (IB) which conaprises reacting a compound of formula (HA) or (HE): 





(HA) (HB) 

in which: 

P is hydrogen or an hydroxy-protecting group; 

r2A^ r3A r4A^ r5A and R^A are r2, r3, r4 r5 and R^ as defined for formulae (lA) and (IB) 
or a group convertible to r2 r3, r4 r5 and r6 respectively; and is as hereinbefore defined; 
widi a compound of formula (ID): 

cm) 

in which: 

r1 A is r1 as defined for fomulae (lA) and (IB) or a group convertible to Ri ; 
in an esterificatioa reaction and tiiereafter, and if so needed; 
converting P to hydrogen, and if necessary 

converting an A r2A, r3A r4A, r5A and R^A group to an r1, r2 r3, r4 r5 aiid R^ 
group. 

Suitable ester forming conditions include an organic solvent such as dichloromethanc at a 
temperature of lO^C to 30^C, in the presence of either silver oxide or an organic base such as 
pyridine or triefhylamine. 

In a further aspect, the present invention provides a process for preparing a compound of 
formula (lA) or (IB) in which R^ contains an oxo or thioxo moiety on the ring adjacent to the 
carbon of attachment (ue. a (J-oxo or p-thioxo group) which conq)rises reacting a compound of 
fomnila (IVA) or (IVB): 

-8- 
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• III! 




OVA) 



OVB) 



in which P, r2A, r3 r4A^ r5 A r6A ^ ^ hereinbefore defined; 



with a compound of formula (V): 



10 CV) 

in which R*^ is as hereinbefore defined containing a p-oxo or p-thioxo substituent, and X is a 

salt forming group; 

and thereafter treating the resulting mixed anhydride with 4-dimethylaminopyridine and 
thereafter, and if so needed; 
15 converting P to hydrogen, and if necessary 

converting an R^ ^ r2A^ r3A r4A r5A and R^A group to an r1. r2 r3. r4 r5 and R^ 

group. 

X is preferably sodium or triethylamine. 

Suitable anhydride formation conditions are well known in the art and include an organic 
20 solvent such as dichIoit)methane, at a temperature of -20OC to 20^0 (preferably -lOOC to 

In a yet further aspect^ the present invention provides a process for })reparing a compound 
of formula (lA) or (IB) in which R^ contains a p-oxo or p-thioxo group which comprises reacting 
a compound of formula (V) as hereinbefore defmed, with phosgene and thereafter teatmg the 
resulting intermediate with a compound of formula (HA) or (IIB) as hereinbefore defined, and 
25 thereafter and if so needed; 

converting P to hydrogen, and if necessary 

converting an R^A r2A, r3A r4A r5A and R^A group to an r1, r2 r3, r4 r5 and R^ 
group. 

Suitable conditions for flie reaction of phosgene with compounds of formula (V) are well 
30 known in the art and mclude an organic solvrat such as dichlorometfaane or N J^- 
dimethylformamide at a temperature of O^C to 40^C (preferably 1 S^C to 250C). 

Conversion of an r1 A r2A r3A r4A r5A or r6A group to an R^, r2 r3, r\ r5 
and r6 group typically arises if a protecting group is needed during the above reactions or during 
the preparation of ttie reactants by the procedures described below. 
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When P is a l^^xyl protecting group, a preferred protecting ^^p is acyl, for example 
so fliat -OP is triflnoroacetoxy or dichloroacetoxy. When flie intended R?, r5 or is also 
bydroxyl, then R^^, R^^ and R^A is also preferably acyloxy, for example acetoxy or 
dichloroacetoxy. Hydroxyl groups at positions 11,3 and 2 (as groups OP, R^A and R^A and 
5 r3A) may be protected using, for example, trifluoroacetic anhydride or dichloroacetic anhydride 
and pyridine in tetrahydrofiiran or^-trifluoroacetyl-imidazole in tetrahydrofuran at O^C. After 
the reaction described above with QH) is complete, the protecting acyl groups may be removed to 
restore the hydroxyl groups, for instance by hydrolysis e.g. using NaOH in eittier MeOH or 
tetrahydrofuranAvater solution. 
10 Suitable hydroxy, carboxy and amino protecting groups are those well known in the art 

and which may be removed under conventional conditions and wiAout disrupting the remainder 
of the molecule. A comprehensive discussion of the ways in which hydroxy, caiboxy and amino 
groups may be protected and methods for cleaving the resulting protected derivatives is given in 
for example Protective Groups in Organic Chemistry, T. W. Greene and P.G.M. Wuts, 
15 (Wiley-Interscience, New York, 2nd edition, 1991). Particularly suitable hydroxy protecting 
groups include, for example, triorganosilyl groups such as, for instance, trialkylsilyl and also 
organocarbonyl and organooxycarbonyl groups such as, for instance, acetyl, allyloxycarbonyl and 
4-methoxybenzyloxycarbonyl. Particularly suitable cari>oxy protecting groups include alkyl and 
aiyl esters, for instance methyl, ethyl and phenyl. Particularly suitable amino protecting groups 
20 include alkoxycarbonyl and 4-methoxybenzyloxycarbonyl. 

r2A is typically flie r2 group vinyl, and this may be converted to the alternative R^ ethyl 
group by hydrogenating the vmyl group to form an ethyl group, typically by hydrogenation over a 
palladium catalyst (e.g. 10% palladiimi-on-carbon) in a sdlvent such as ethyl acetate, ethanol, 
dioxane, or tetrahydrofiiran. 
25 r3 A is typically hydrogen, fluoro or protected hydroxyl, such as acyloxy. After the 

coupling reaction, if required, protecting acyl groups may be removed to restore the hydroxyl 
groups by hydrolysis e,g. using NaOH in MeOH. 

A compound of formula (lA) may also be prepared from an ^i-mutilin starting material. 
Accordingly, in a further aspect, the present invention provides a process for preparing a 
30 compound of formula (lA) in which r3 and R* are both hydrogen and R^ and R^ form an oxo 
group, which comprises reactmg an epi-mutilin compound of formula (nQ: 




(no 

35 wherein R^ is as hereinbefore dejSned; 

with a compound (HI), as hereinbefore defined; under est^ forming conditions as hereinbefore 
defined; 

and then treating the product with an acid; 
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and where required i^Kfired converting an 

RiA 

group to an group and an R^A group to an 

r2 group. 

In a further aspect, the present invention provides a process for the preparation of a 
compound of formula (lA) in which and R^ are both hydrogen and R^ and R^ form an oxo 
5 group, which comprises reacting a compound of formula (QC) as hereinbefore defined with an 
acid chloride of formula (HI), as hereinbefore defined in the presence of N,N-dimethylfonnamide; 
and then treating the product with an acid; 

and where required or desired converting an R^-^ group to an R^ group and an R^A group to an 
R2groiq>. 

10 In a yet further aspect, the present invention provides a process for preparing a compound 

of fomula CIA) in which r3 and R^ are both hydrogen and R^ and R^ form an oxo groiq), which 
comprises reacting an e/^i-mutilin compound of formula (VI): 




^ MeO 



15 (VI) 

wherein R^A is as hereinbefore defined and M is an alkali metal; 

with a compoimd (HI), as hereinbefore defined in an ester forming reaction; 

and then treating the product with an acid; 

and where required or desired converting an R^ A group to an R^ group and an R^A group to an 
20 r2 group. 

Suitable ester forming conditions are known in the art and include an organic solvent 

such as tetrahydrofuran at -78^C to 350c. 

Alkali metals include lithium, sodium and potassmm, particularly lithium. 
In a yet further aspect, the present invention provides a process for preparing a compound 
25 of formula (lA) in which r3 and R^ are bofli hydrogen, R^ and R^ form an oxb group and R^ 

contains a p-oxo or p-thioxo group, which comprises reacting a compoimd of formula (TVC): 

.0 -^..^.o 




(IVC) 

wherein R^ is as hereinbefore defined; 
30 with a compound of fonnula (V) as hereinbefore defined in an anhydride forming reaction as 
hereinbefore defined; 

and thereafter treatmg the resulting mixed anhydride with 4-dimethylaminopyridine and thereafter 
treating the product with an acid; 
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and where required or^^ed converting an 

RlA 

group to an group and an R^A group to an 

Regroup. 

.In a yet further aspect^ the present invention provides a process for preparing a compound 
of formula (lA) in which r3 and R^ are both hydrogen, R^ and R^ form an oxo group and R^ 
5 contains a P-oxo or p-thioxo group, which comprises reacting a compoimd of formula (V) as 
hereinbefore defined, with phosgene and thereafter treatmg the resulting intermediate wifli a 
compound of formula (p/Q as hereinbefore defined, and thereafter treating the product wiftt an 
acid; 

and where required or desired converting an 

RlA 

group to an group and an r2 A group to an 

10 r2 group. 

The acid treatment indicated above converts the Q7i-mutilin configuration to the usual 
mutilin nucleus of formula (HA). TypicaUy this conversion is carried out by treatment with cone. 
HCl or Lukas reagent (cone. HCl saturated with ZnCl2) in dioxane. 

It should be appreciated that it may be necessary to interconvert one 

r1,r2 r3,r4 r5 

15 or r6 group to another R^, r2, r3, k\ r5 or r6 group. This typically arises when one 

compound of formula (lATB) is used as the immediate precursor of another compound of formula 
(lA/B) or when it is easier to introduce a more complex or reactive substituent at the end of a 
synthetic sequence. A substituent group in R^ can be converted into another substituent group 
using one of the general methods for functional group transformation described in the literature 

20 (e.g. a carboxylic ester can be hydrolysed to a carboxylic acid with base; an acid can be converted 
into an amide; a rert-butoxycarbonylamino group can be converted into an amine by treatment 
with trifluoroacetic acid; an amino group can be alkylated or acylated), provided that the method 
chosen is compatible with other functional groups in the molecule (e.g. the ketone at C-3 in the 
pleuromutilin nucleus). 

25 Functional group transformations are well known in the art and are described in, for 

instance. Comprehensive Organic Functional Group Transformations, eds. A.R. Katritzky, O. 
Meth-Cohn, and C.W. Rees (Elsevier Science Ltd., Oxford, 1995), Comprehensive Organic 
Chemistry, eds. D. Barton and W.D. Ollis (Pergamon Press, Oxford, 1979), and Comprehensive 
Organic Transformations^ R.C. Larock (VCH Publishers Inc., New Yoric, 1989). 

30 Ck>mpoundsof formula (I) in which R^: 

O I Q 




in which R* ^ and R^ 7 are as herembefore defined; 

may be conVenraiently prepared in a step wise fashion in which the mutilin nucleus is fisrt 
35 coupled with an unsubstituted pyridinone, pyridazinone or pyrazinone (R^^) to give an 
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intermediate which islJ^successively aminated, acylated (with R^^C^^md finally, if need be^ 
N-methylated, to give the final compounds, such reactions being carried out under conventional 
conditions. 

Compounds of formulae (DA) in which R^A and R^-^ are hydrogen, (HB) and (HQ may 
5 be readily prepared according to methods described in the literature, for example-G. Schulz and 
H. Bemer, Tetrahedron, 1984, 40, 905, and in WO 97/25309 and WO 98/05659 (SmitiiKline 
Beecham). Where necessary, and as hereinbefore described, saponification of the C- 14 ester may 
be carried out at an appropriate stage* 

Compounds of formula (HA) in which R^^ is hydroxyl or fluoro may be prepared fixmi 
10 pleuromutilin, via an intermediate 2-dia2o compound, the preparation of which is described by 
G. Schulz and H, BemCT in Tetrahedron, 1984, 40, 905. Where necessary, saponification of flie 
C-14 ester group may be carried out at an appropriate stage using conventional techniques such as 
sodium hydroxide or sodium methoxide in methanol or aqueous, tetrahydrofuran solution^ 

The intermediate 2-dia20 compound may be reacted with a carboxylic acid to give a 2- 
15 acyloxy-mutilin derivative. Suitably, reaction with dichloroacetic acid gives a 2-dichloroacetQxy- 
mutilin derivative, which can be deprotected as described above to provide the (25)-2-bydroxy 
derivative, at an appropriate stage. 

Compounds of fonnula (HA) in which R^ ^ is fluoro may be obtained by reacting 2- 
diazo-mutilin with a source of hydrogen fluoride. Convenientiy, the hydrogen fluoride source is 
20 an amine complex of hydrogen fluoride such as hydrogen fluoride-pyridine. The reaction may be 
carried out in an anhydrous solvent {e,g. diethyl ether, tetrahydrofliran, 1,2-dmiedioxyediane), at 
a temperature of -15^C to 25^0. This reaction produces (2iS)-2-fluoro derivatives. (2/?>2- 
Fluoro-mutilin derivatives may be prepared by treating the (25)-isomer with a base (e.g. sodiiun 
hydroxide or potassium hydroxide in ethanol). This will usually produce a mixture of (25) and 
25 (2/i)-isomer5 that may be separated using conventional techniques such as chromatography and 
aystallisation. 

Compounds of formula (HA) in which r5 is hydroxy and R^ is hydrogen may be 
prepared according to methods described in the literature, for example, by reduction of a mutilin 
with lithium aluminium hydride as described by Birch et a/, Tetrahedron^ 1966, supp 8 fm, 359- 
30 387; or by reduction with lithium tri-/er/-butoxyaluminohydride in dioxane as described by G. 
Schultz et aU Tetrahedron, 1 984, 40, 905-9 17. 

Compounds of formula (IIA) in which R^ is hydrogen and R^ is hydroxy may be 
prepared according to the methods described in the literature, for example, by reduction of a 
mutilin with lithium and methanol in liquid ammonia, as described by Birch et al. Tetrahedron^ 
35 1966, suEEliffi, 359-387. 

Compounds of formula (HA) in which r5 and R^ are both hydrogen may be prq)ared 
according to tiie method of G. Schultz et al. Tetrahedron, 1984, 40, 905-917, by reduction wifli 
potassium hydroxide and hydrazine in refluxing diethylene glycol. 

Acid chlorides of fonnula (HI) and (TV) are available commercially, or may be readily 
40 prepared by adapting procedures well known in tiie art for the conversion of carboxylic acids to 
acid chlorides e.g. M.F. Ansell in The Chemistry ofAcylHalides, ed. S- Patai, pp 35-68 
(Interscience, London, 1972) and include, for example, oxalyl chloride in dichloromethane 
solution in the presence of NJ^-dimethylformamide. 
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Carboxylates^^of fonnula (V) are available commercially o^fi^' ^ readily prepared 
from the caiboxylic acid by methods known to those skilled in fte art 

Carboxylic acids may be prepared by adapting procedures well known in the art for 
preparing such acids e.g. Comprehensive Organic Chemistry, Vol. 2, Ed. I.O. Suflierland 
5 CPergamon, Oxford, 1979). 

Compounds of formula (VI) may be readily prepared by adapting procedures well known 
in the art for preparing alkali metal salts. Lithium salts may be prepared by fhe addition of an 
alkyl lithium (e.g. n-butyl lithium) or a lithium amide (e.g. lithium hexamethyldisilazide) to 4-q>i- 
mutilin in THF at -7S°C. Sodium salts may be prepared using sodium hydride or a sodium amide 
10 (e.g. sodium hexamethyldisilazide), and potassium salts may be prepared using potassium tert- 
butoxide. 

The compounds of the present invention may contain a chiral centre, and therefore Uie 
above processes may produce a mixture of diastereoisomers. A single diastereoisomer may be 
prepared by separating such a mixture of diastereoisomers by conventional techniques sud» as 
15 chromatography or fractional crystallisation. 

The compounds of this invention may be in crystalline or non-ciystalline form, and, if 
crystalline, may optionally be hydrated or solvated. When some of the compounds of this 
. invention are allowed to crystallise or are recrystallised from organic solvents, solvent of 
crystallisation may be present in the crystalline product. Sinularly, some of the compounds of 
20 this invention may be oystallised or recrystallised from solvents containing water. In such cases 
water ofhydration may be present in the crystalline product Crystallisation procedures will 
usually produce stoichiometric hydrates. Confounds containing variable amounts of water may 
be produced by processes such as lyophilisation. 

The compounds according to the invention are suitably provided in substantially pure 
25 form, for example at least 50% pure, suitable at least 60% pure, advantageously at least 75% pure, 
preferably at least 85% pure, more preferably at least 95% pure, especially at least 98% pure, all 
perceaitages being calculated as weight/weight An unpure or less pure form of a compound 
according to the invention may, for example, be used in the preparation of a more pure form of 
the same compound or of a related compound (for example a corresponding derivative) suitable 
30 for pharmaceutical use. 

The present invention also includes pharmaceutically accq)table salts and derivatives of 
the compounds of the invention. Salt fomiation may be possible when one of the substituents 
carries an acidic or basic group. Salts may be prepared by salt exchange in conventional manner. 
' Acid-addition salts may be pharmaceuticaUy acceptable or n<m-phannaceutically 

35 accq)table. In the latter case, such salts may be usefUl for isolation and purification of the 

compoimd of the invention, or intermediates thereto, and will subsequently be converted into a 
pharmaceutically acceptable salt or the free base. 

The compounds of the present invention and their phannaceuticalfy accq)table salts or 
derivatives have antimicrobial properties and are therefore of use in Aerapy, in particular for 
40 treating microbial infections in animals, especially mammals, including humans, in particular 

humans and domesticated animals (includmg farm animals). The compounds may be used for the 
treatment of infections caused by, for example. Gram-positive and Gram-negative bacteria and 
mycoplasmas, including, for example. Staphylococcus aureus. Staphylococcus qtidermidis, 
Enterococcus faecalis. Streptococcus pyogenes. Streptococcus agalactiae. Strqttococcus 
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pneumoniae, Haemo^l^sp,, Neisseria sp„ Legionella sp., Chlamyd^^, Moraxella 
catarrhalis. Mycoplasma pneumoniae^ and Mycoplasma gallisepticum. 

The present invention also provides a method of treating microbial infections in animals, 
especially in hnmans and in domesticated mammals, which comprises administering a compound 
of the invention or a pharmaceutically acceptable salt or derivative or solvate thereof, or a 
composition according to the invention, to a patient in need thereof. 

Compounds of the present invention show good activity against Chlamydia pneumoniae. 
This has been implicated in heart disease, in particular in promoting vascular infection (see for 
instance FR 2,771,008-Al, Hoechst Marion Roussel SA). Accordingly, in a further aspect, tiie 
present invention provides a method of preventing C pneumoniae -induced atherosclerosis which 
method comprises treating a subject in need thereof with an effective amount of a confound of 
formula (I). A compound of formula (I) may also be used in combination with an anti- 
athCTosclerotic agent, to reduce the incidence of heart attack and other cardiac events. 
Representative examples of anti-atherosclerotic agents include the class of cholesterol-lowering 
compounds referred to generically as "statins", for instance atorvastatin (Lipitor, Warner 
Lambert), pravastatin (Pravachol), simvastatin (Lipovas, Merck) and cerivastatin (Baycol, Bayer). 
It has also been suggested that Chlamydia pneumoniae may contribute to Alzheimer's Disease. 
Accordingly, in a further aspect, the present invention provides a method of treating Alzheimer's 
Disease which method comprises, treating a subject in need thereof with an effective amoimt of a 

compound of formula CO- 

The invention further provides the use of a cornpound of the invention or a 
pharmaceutically acceptable salt or derivative or solvate thereof in the preparation of a 
medicament for use in the treatment of microbial infections. 

Compounds of the present invention may be used to treat skin and sofl tissue infections 
and acne, by topical application. Accordingly, in a further aspect the present invention provides 
the use of a compound of the invention or a pharmaceutically acceptable salt or derivative or 
solvate thereof in the preparation of a medicament adapted for topical administration for use in 
the treatment of skin and soft tissue infections and also in the treatment of acne in humans. 

Compounds of the present invention may be also used for the elimination of reduction of 
nasal carriage of pathogenic bacteria such as S. aureus^ H. influenzae^ S, pneumonia and M. 
catarrhalis, in particular colonisation of the nasospharynx by such organisms, by tiie 
administration of a compound of the present invention thereto. Accordingly, in a further aspect, 
the present invention provides for the use of a compound of the invention or a pharmaceutically 
acceptable salt or derivative or solvate thereof in the manufacture of a medicament adapted for 
administration to the nasal cavity, for reducing or eliminating the nasal carriage of pathogenic 
organisms. Preferably, the medicament is adapted for focussed delivery to the nasopharynx, in 
particular the anterior nasopharynx. 

Such reduction or elimination of nasal carriage is believed to be usefiil in prophylaxis of 
recurrent acute bacterial sinusitis or recurrent otitis media in humans, in particular in reducing flie 
number of episodes experienced by a patient over a given period of time or increasing the time 
intervals between episodes. Accordingly, in a further aspect, the present invention provides for 
the use of a compound of the invention or a pharmaceutically acceptable salt or derivative or 
solvate thereof in the manufacture of a medicament adapted for administration to flie nasal cavity, 
for prophylaxis of recurrrat acute bacterial sinusitis or recurrent otitis media. 
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Compounds o^l^resent invention are also useful in treating ^^^c sinusitis. 
Accordingly, iii a further aspect, the present invention provides for the use of a compound of flie 
invention or a phannaceutically acceptable salt or derivative or solvate thereof in the manufacture 
of a medicament, for treating of chronic sinusitis. 
5 The compounds according to the invention may suitably be administered to the patient at 

a daily dosage of from 1.0 to 50 mg/kg of body weight. For an adtilt human (of approximately 70 
kg body weight), from 50 to 3000 mg, for example about 1500 mg, of a compound accordmg to 
the invention may be administered daily. Suitably, the dosage for adult humans is from 5 to 20 
mg/kg per day. Higher or lower dosages may, however, be used in accordance with normal 

10 clinical practice. 

To lessen the risk of encoiuraging the development of resistant organisms during 
prophylaxis of recurrent otitis media or recurrent acute bacterial sinusitis, it is preferred to 
admmister the drug on an intermittent, rather than a continual, basis. In a suitable intermittent 
treatment regimen for prophylaxis of recurrent otitis media or recurrent sinusitis, drug substance 

15 is administered on a daily basis, for a small number of days, for instance from 2 to 10, suitably 3 
to 8, more suitably about 5 days, the administration then being repeated after an interval, for 
instance, on a monthly basis over a pwiod of months, for instance up to six months. Less 
preferably, the drug substance may be administered on a continuing, daily basis, over a prolonged 
period, for instance several months. Suitably, for prophylaxis of recurrent otitis media or 

20 recurrent sinusitis, drug substance is administered once or twice a day. Suitably, drug substance 
is administered during the winter months when bacterial infections such as recurrent otitis media 
and recuirent sinusitis tend to be more prevalent The drug substance may be administered at a 
dosage of from 0,05 to l.OOmg, typically about 0.1 to 0.2mg, in each nostril, once or twice a day. 
More generally, the compounds and compositions accordmg to the invention may be 

25 formulated for administration in any convenient way for use in human or veterinary medicine, by 
analogy with other antibiotics. 

Accordingly, in a furttier aspect, the present invention provides a pharmaceutical 
composition comprismg a compound of the invention or a phannaceutically acceptable salt or 
derivative or solvate thereof together with a phannaceutically acceptable carrier or excipient 

30 The compounds and compositions according to the invention may be formulated for 

administration by any route, for example oral, topical or parenteral. The compositions may, for 
example, be made up in the fonn of tablets, capsules, powders, granules, lozenges, creams, 
syrups, sprays or liquid preparations, for example solutions or suspensions, which may be 
formulated for oral use or in sterile form for parenteral administration by mjcction or infiision. 

35 Tablets and capsules for oral administration may be in unit dosage form, and may contain 

conventional excipients including, for example, binding agents, for example, syrup, acacia, 
gelatin, sorbitol, tragacanth, or polyvinylpyn-olidone; fillers, for example lactose, sugar, 
maize-starch, calcium phosphate, sorbitol or glycine; tabletting lubricants, for example 
magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for example potato starch; 

40 and pharmaceutically acceptable wetting agents, for example sodium lauryl sulphate. The tablets 
may be coated according to methods well known in normal pharmaceutical practice. 

Oral liquid preparations may be in the form of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for reconstitution 
with water or another suitable vehicle before use. Such liquid preparations may contain 
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conventional additives^^nding, for example, suspending agents, for ^l^le sorbitol, methyl , 
cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, carboxymethyl celliilose, aluminium 
stearate gel or hydrogenated edible fats; emulsifying agents, for example lecithin, sorbitan 
monooleate or acacia; non-aqueous vehicles (which may include edible oils), for example almond 
5 oil, oily esters (for example glycerine), propylene glycol, or ethyl alcohol; preservatives, for 
example methyl or propyl p-hydroxybenzoate or sorbic acid; and, if desired, conventional- 
flavouring and colour agents. 

Compositions according to flie invention intended for topical administration may, for 
example, be in the form of ointments, creams, lotions, eye ointments, eye drops, ear drops^ nose 

10 drops, nasal sprays, impregnated dressings, and aerosols, and may contain appropriate 

conventional additives, including, for example, preservatives, solvents to assist drug penetration, 
and emollients in ointments and creams. Such topical formulations may also contain con:q)atible 
conventional carriers, for example crewn or ointment bases, ethanol or oleyl alcohol for lotions . 
and aqueous bases for sprays. Such carriers may constitute from about 1% to about 98% by 

15 weight of tiie formulation; more usually they will constitute up to about 80% by weight of the 
fonnulatioiL 

Compositions according to the invention intended for topical administratitm, in addition 
to the above, may also contain a steroidal anti-inflammatory agen^ for example, betamethasone. 
Compositions according to the invention may be formulated as suppositories, which may 

20 contain conventional suppositoiy bases, for example cocoa-butter or o&er glycerides. 

Compositions according to the invention intended for parenteral administration may 
conveniently be in fluid unit dosage forms, which may be prepared utilizing the compound and a 
sterile vehicle, water being preferred. The compound, depending on the vehicle and 
concentration used, may be either suspended or dissolved m the vehicle. In preparing solutions, 

25 the compound may be dissolved in water for injection and filter-sterilised before bemg filled into 
a suitable vial or ampoule, which is then sealed. Advantageously, conventional additives 
including, for example, local anaesthetics, preservatives, and buffering agents can be dissolved in 
the vehicle. In order to enhance the stability of the solution, the composition may be frozen after 
being filled into the vial, and the water removed under vacuum; the resulting dry lyophilised 

30 powder may then be sealed m the vial and a accompanying vial of water for injection may be 
supplied to reconstitute the liquid prior to use. Parenteral suspensions may be prepared in 
substantially the same manner except that the compoimd is suspended in the vehicle instead of 
being dissolved and sterilisation cannot be accomplished by filtration. The compound may 
instead be sterilised by exposure to ethylene oxide before being suspended in the sterile vdiide. 

35 Advantageously, a surfactant or wetting agent is included in such suspensions in order to facilitate 
uniform distribution of the conxpound. 

A compound or composition according to the invention is suitably administered to the 
patient in an antimicrobially effective amount. 

A composition according to the invention may suitably contain from 0.001% by weight, 

40 preferably (for other than spray compositions) from 10 to 60% by weight, of a compound 
according to the invention (based on fte total weight of flie composition), depending on the 
method of administration. 
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When tbe cor^^^ions according to the invention are present^B^nit dosage fonn, for 
mstance as a tablet, each unit dose may suitably comprise from 25 to 1000 mg, preferable from 50 
to 500 mg, of a compound according to the invention. 

Representative compositions of the present invention include those adapted for mtranasal 
5 administrationjn particular, those that vdll reach into the nasopharynx Such compositions are 
preferably adapted for focussed delivery to, and residence within, the nasophaijiix* The term 
Tocussed deliveiy is used to mean that the composition is delivered to flie nasopharynx, ra&er 
than remaining within the nares. The term 'residence' within the nasopharynx is used to mean that 
the composition, once delivered to the nasopharynx, remains within the nasopharynx over a 
10 course of several ho\n^, rather than being washed away more or less immediately. Preferred 

compositions include spray compositions and creams. Representative spray compositions include 
aqueous compositions, as well as oily compositions that contain amphiphilic agents so that the 
composition increases in viscosity when in contact with moisture. Creams may also be used, 
especially creams having a rheology that allows the cream to spread readily in the nasopharynx. 
15 Preferred aqueous spray compositions include, in addition to water, further excipi«ts 

including a tonicity modifier such as a salt, for instance sodium chloride; preservative, such as 
benzalkonium salt; a surfactant such as a non-ionic surfactant, for instance a polysoibate; and 
buffer, such as sodium dihydrogen phosphate; present in low levels, typically less than 1%. The 
pH of the composition may also be adjusted, for optimum stability of the drug substance during 
20 storage. For compounds of the present invention, a pH in the range 5 to 6, preferably about 5.3 to 
5.8, typically about 5.5 is optimal. 

Representative oily spray and cream compositions are described in WO 98/14 1 89 
(SmithKline Beecham). Representative aqueous sprays are described in International Application 
No. PCT/GB98/0321 1 (SmithKlme Beecham). 
25 Suitably, the drug substance is present in compositions for nasal delivery in between 

0.001 and 5%, preferably 0.005 and 3%, by weight of the composition. Suitable amounts include 
0.5% and 1% by weight of the coniposition (for oily compositions and creams) and from 0.01 to 
0.2% (aqueous compositions). 

Spray compositions according to the present invention may be delivered to the nasal 
30 cavity by spray devices well known m fee art for nasal sprays, for instance an an- lift pump. 
iPreferred devices include those fliat are metered to provide a unit volume of composition, 
preferably about lOOjil, and optionally adapted for nasal administration by addition of a modified 
nozzle. 

The invention is illustrated by the following Examples. 
35 ' 
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EXAMPLES 

Preparation 1 (25)-2-Dlchloroacetoxy-ll-<7-trifliioroacetylinutilin 

.^^^'^ OCOCF3 




OCOCHCI2 



(a) Formylated derivatives of mutilin - The reaction was carried oirt similarly to that described 
by A J. Birch, C.W. Holzapfel and FLW. Rickards (Tet (Suppl) 1996 8 part ffl 359). Mutilin (6g) 
in toluene (330ml) and methyl formate (100ml) was treated with sodium methoxide (3g) and 
stirred under argon for 8 hours. Ice-water (lOOml) was added, followed by 2N HCl (22Qml). The 
mixture was shaken and separated and the aqueous extracted with ether. The combined organic 
was dried and evaporated and the residue chromatographed, eluting with ethyl acetate/hexane 
mixtures. First eluted was 2-hydroxymethylenemutilin 1 1,14-diformate (2.33g) ^HNMR 
(CDCI3) inter alia 5.02 (IH, d), 5.77 (IH, d). 6.94 (IH, s), 7.89 (IH, s), 8.10 (IH, s). Second to 
be eluted was 2-hydrbxymethylenemutilin 1 l-foimate (3.0g): NMR 5(CDCl3) inter alia 4,40 
(IH, d), 5.11 (IH, d), 7.06 (IH, s), 8.25 (IH, d, J 0.8Hz). Third to be eluted was a mixture (2:1) 
of 2-hydroxymethylenemutilin 14-formate and 2-hydroxymethylenemutilin (1.8g). 

(b) 2-Hydroxyniethylenemutllin - A mixture of 2-hydroxymethylenemutilin 1 1,14-difonnate 
(2.33g) and [2-hydroxymethylenemutilin M-formate + 2-hydroxymethylenemutilin] (1.8g) was 
dissolved in ethanol (30ml) and treated with 0.5M KOH in ethanol (60ml). After 1 hour the 
solution was diluted with ethyl acetate (200ml), washed with 2M HCl (120ml) and water (100 
ml), dried and evaporated to provide 2-hydroxymethylenemutilin as a foam (3.6g); *H NMR 
8(CDCl3) inter alia 3.45 (IH, d), 4,37 (IH, d), 6.97 (IH, s). 

(c) 2-DiazomutiIiii - A solution of 2-hydroxymethyIenemutilin (3.6g) in dichlorometfaane was 
cooled to -lO'^C under argon, treated with triethylamine (4,6ml) and tosyl azide (3.55g) and 
warmed to room temperature. After 6 hours the solution was washed with 0.5M HQ (150ml) and 
water (100ml), dried and evaporated. The 2-diazomutilin was obtained as yellow crystals (1.7g) 
fi-om ethyl acetate/hexane; IR (CHQa) 3634, 2082 and 1670 cm"!. 

(d) (25>-2-DlchloroacetoxymutiIin - A solution of 2-diazomutilin (1.7g) in dichloromethane 
(4O111I) was ice-cooled and treated dropwise with dichloracetic acid (0.5ml). The bath was 
removed and after 30 minutes the solution was colourless. It was washed with aqueous NaHCOs 
(50ml), dried and evaporated. Chromatography, elutmg with 1:3 ethyl acetate/hexane. gave flie 
title compound as the less polar of 2 major products (white foam, 1 .6g): ^H NMR 8(CaDCl3) inter 
alia 3.33 (IH, t, J 5.8Hz), 4.33 (IH, d, J 7Hz), 5.04 (IH, t, J 9Hz). 5^-5.4 (2H, m), 5.96 (IH, s), 
6. 14 (IH, dd, J 1 7.5 and 10.5 Hz). 

(e) (25>2.Dichloroacetoxy-ll-0-trifluoroacetylmutilin - (ZS)-2-Dichloroacetoxymutilin 
(5.8g, 0.012 mole) in dry tetrahydrpfiuan (120ml) was treated with trifluoroacetylimidazole 
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(1.54ml, 0.0135mole)^^stiiTed at ambient temperature for 18 hours. ^^1 acetate (200ml) was 
added to the mixture which was then washed with dilute sodium chloride solution (2 x 200ml). 
The organic layer was separated, dried (Na2S04), filtered and evaporated to dryness. 
Chromatography on silica gel, eluting with ethylacetate/hexane (9:1) gave the title compound 
4.98g (71%) 'H NMR S(CDCl3) inter alia 0.85 (3H, d, J 7Hz), 0.95 (3H, d, J 7Hz), 1.05 (3H, s), 
1.39 (3H, s), 4.29 (IH, t, J 7Hz). 4.86 (IH, d, J 7H2), 5.08 (IH, t, J 9H2), 5.99 (IH, s). 

Preparation 2 Sodium 3-pyridazinol-4-carboxylate 

^.OONa 




10 (a) Ethyl S-pyridarfnoW-carboxylate - A solution of ethyl 6-chIoro-3-pyridazinoI-4- 

carboxylate (l.Olg) (T.Kuraishi, Chem. Pharm. Bull. (1957) 587-589) in ethanol (40 ml) was 
treated with 35% aqueous ammonia (0.317ml) and 10% Pd/C (200mg) and stirred under hydrogen 
at atmospheric pressure for 45 mins. The mixture was filtered through kieselguhr and flic filtrate 
evaporated. The residue was taken up in chloroform (20 ml) and solid filtered ofif. TTie filtrate 

15 was chromatographed, eluting with EtOAc/hexane to give title compound (0.55g) as a white 
solid MS (+ve ion chemical ionisation) m/z 169 (MH^'100%). 

(b) Sodium 3-pyridazinol-4-carboxylate - A solution of ethyl 3-pyridazinol-4-carboxylate 
(0.52g) in dioxan (1 5ml) was treated wifli 2N aqueous NaOH (1 .7ml), stirred 1 J4 hours, treated 
with a fiirflier 0.7ml of 2N NaOH solution and left for 2 hours. The sohition was evaporated to 
20 dryness and the resulting white solid dried imder vacuum in the presence of P2O5. NMR 6(02©) 
7.22(lH,dJ6.8Hz), 8.09(lH,d,J6.8Hz). 



Preparation 3 4-Qulnolone-3-carboxyllc add 




COOH 



25 A suspension of ethyl 4-quinolone-3-carboxylate (900mg) (Maybridge CSiemical Co. Ltd) in 

dioxan (6ml)/water (6ml) was treated with 40% NaOH solution (8ml) and refluxed 6 hours. The 
solution was cooled, acidified to pH2 with cone. HCl and the solid filtered off and dried under 
vacuum in the presence of P2O5 to provide the title compound (785mg), MS (-ve ion chemical 
ionisation) m/2l88([M-H]M00%). 

Preparation 4 BOC derivatives of 2-amIno-4-hydroxypyrimidine-S-carboxyUc add 
(a) BOC derivatives of ethyl 2-amino-4-hydroxypyrimidine-5-carboxylate - A mixture of 
ethyl 2-aniino-4-bydroxypyrimidine-5-carboxylate (1 .83g), EtsN (1 .39ml), 4- 
dimethylaminopyridine (lOOmg) and di-t-butyldicarbonate (8.6g) in dichloromethane (30ml) was 



-20- 



wo 02/12199 PCT/EPOl/08949 

stirred overnight, appl^^^ a colunm and eluted with ethyl acetate/hexane^ The oily product 
(1 .8g) was a mixture of BOC derivatives. 

(b) BOC derivatives of 2-amino-4-hydroxypyrimidine-5-carboxyiic acid - The product from 
step (a) in dibxan (20ml)/water (Sml) was treated with 2N NaOH solution (5ml) and stirred 
overnight EtOAc (40nil) and an aqueous solution of citric acid (3g in 20ml) were added, the 
layers shaken and separated. The organic was washed with water, dried and evaporated to 
provide the title mixture as a white solid. MS (-ve ion electrospray) m/z 354 ([M-H]" for bis BOC 
derivative, 100%); 



Preparation 5 l-(3-NitrophenyI)-3-oxo-2^-dihydro-lH-pyrazole-4-carboxylic acid 

.COOH 




lyaro-jn-j: 

A" 



l-(3-Nitrophenyl)-3K>xo-2,3-dihydro-lH-pyrazole-4-carboxylic acid methyl ester (1.43g, 
0.005mole) (Taylor A.W. et al, Tetrahedron, 1987, 43.(3), 607-616) in 1,4-dioxane (100ml) and 
water (100ml) was treated with sodium hydroxide (2g, 0.05 mole) and heated under refltix for 6 
hours. The mixture was allowed to cool then concentrated to a small volume in-vacuo, and 
acidified with concentrated hydrochloric acid. The resulting solid was filtered off and dried in- 
vacuo to give the title compound as an off-white solid (0.78g, 60%). M.S.(-ive ion 
electrospray) m/z 248 ([M-H]", 25%), 276 (100%). 

PreparatioD 6 7-(4-tert-Butoxycarbonylpipera2in-l-yI>l-efhyl-6-fluoro-4-oxo-l,4- 
dihydroquinoUne-3-carboxylic acid 




BOCI 



7-(l-Pipera2inyl)-l-ethyl-6-fluoro-4-oxo-l,4-dihydroquinoline-3-carboxylic acid (2.0g) in 
tetrahydrofuran/water 1:1 (200ml) was treated with 2.0 M sodium hydroxide (3.5ml) followed by 
di-/crr-butyldicarbonate ( 1 .5g) and stirred at ambient temperature for 1 8 hours. The 
tetrahydrofuran was removed in-vacuo and flie mixture acidified wifli citric acid. The resulting 
precipitate was filtered off and dried in-vacuo to give the title compoimd (2.6g). M.S. (+ve ion 
chemical ionisation) m/z 420 (MH+, 20%), 276 (100%). 



Preparation 7 14-0-Chlorocarbonyl-(2S)-2-dichloroacetoxy-li-0-trifluoroacetylmutiIIn 
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OCOCF 



3 



CICOO 



lltltl 



bC0CHCl2 



A solution of (2S)-2-dichloroacetoxy-l 1-O-trifluoroacetylmutilm (542mg) in dichloromethane 
(5m]) was treated with p>Tidine (0.081ml) and triphosgene (296mg) and stirred three hours, 
EtOAc (30ml) was added, the solution washed with water (2x20ml), dried and ev^orated to give 
title compound. 

Preparations 3,4-Dlhydro-4-oxopyrimidine-5-carboxylic acid 



Ethyl 3,4-dihydro-4-oxopyrimidine-5-carboxylate (K R Huffman, F C Schaefer and G A Peters, J. 
Org. Chem. (1962) 27, 551-8) (L68g) was dissolved in IN NaOH (23ml) and heated at 60'C 
overnight After cooling in ice, the solution was acidified to pH2 wifli 2N HQ, stirred 5 minis and 
the solid filte^red off and dried under vacuum to give title compound (1 .25^, 

Preparation 9 3,4-Dihydro-2-methylthio-4-oxopyrimldlne-5-carboxyUc add 




A solution of ethyl 3,4-dihydro-2-methylthi6-4-oxopyrimidine-5-cari)oxylate (C.W. Todd, J.tt 
Fletcher and D.S. Tarbell, JJVm. Chem.Soc. (1943), ^5, 350-4) (1.95g) in dioxan (15ml) was 
treated with aqueous NaOH (0.73g in 15ml) and heated at 85^C overnight. After cooling, the 
solution was acidified with 2N HCI to pH3 and the white solid filtered off and dried under 
vacuum to give title compound (L03g). MS (-ve ion chemical ionisation) m/z 185 ([M-H]", 
70%), 141 (100%). 

Preparation 10 3,4.Dihydro-2-dImethylamino-4-oxopyrImldine-5-carboxylic acid 





Ethyl 3,4-dihydro-2-dimethylanmio-4-oxopyrimidine-5-carboxylate (P. Dostert, T Imbet, J F 
Ancher, M Langlois, B Bucher and G Mocquet, Eur. J. Med. Chem. - Chim.Ther. (1982), 12, 
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437.44) (0.64g) was r^^ed with NaOH (304mg) in water (16ml) for ^fers. The cooled 
solution was acidified to pH2 with IN HQ, solid filtered off and dried under Vacuum at 75**C to 
give title compound (0.52g). MS (-ve ion chemical ionisation) miz 182 ([M-H]", 100%). 

Preparation 11 3,4-Dihydro-2-(N-BOC-N-raethylamino)-4-oxopyiimidine-5-carboxylic acid 

XOOH 




Ethyl 3,4-dihydro-2-methyIamino-4-oxopyrimidine-5-carboxylate (P. Dostert et al, Eur, J. Med. 
ChenL-Chim. Ther. (1982), 17, 437-44) (0.67g) in dichloromethane (10ml) was treated with 
Et3N (0.472ml), DMAP (catalytic) and di-t-butyl dicarbonate (2.15g). After leaving ovemight, 
the solution was added to a silica column and eluted 15% EtOAc/hexane to obtain as the major 
product a bis-BOC compound (0.47g). A solution of this in dioxan (5ml)/water (2ml) was treated 
with 2 N NaOH (3ml) and stirred overnight Excess citric acid was added and the mbcture 
extracted with EtOAc (10ml). The organic was washed with water (10ml), dried and evaporated 
to leave the title compound as a white solid (0.3 18g). MS (-ve ion chemical ionisation) m/z 218 
(n%l-H]-, 100%), 

Preparation 12 3,4-Dihydro-4-oxo-2-(4-pyrldyI)pyrimidlne-5-carboxyllc add 

^COOH 




Ethyl 3,4-dihydro-4-oxo-2"(4-pyridyl)pyrimidine-5-carboxylate (M. Palanki, Bioorg. and Med 
Chem. Lett, (2000), 10, 1645-8) was hydrolysed by the procedure of Pteparation 1 1 (63%). NMR 
S (CD3OD) 8ut7 (2H, d, J 7Hz), 8.68 (2H, d, J 7Hz), 8.91 (IH. s). 

Preparation 13 Sodium l-methyl-4-pyridone-3-carboxylate 

XOONa 




(a) Ethyl l.mefhyl-4-pyridone-3"Carboxylate - Ethyl 4-pyridone-3-carboxylate (M. Balogh et 
al., J. Het Chem. (1980), 17(1), 359-368) (1.67g) in DMF (15ml) was treated with potassium 
carbonate (2.07g) and iodomethane (0.625ml) and stirred ovemight. After filtration, the solution 
was evaporated and the residue chromatographed (eluent EtOH) to give title compound (1.2g). 

(b) Sodium l-methyl-4-pyridone-3-carboxyIate - Obtained by the procedure of Preparation 2 
step (b). MS (+ve ion chemical ionisation) m/z 154 (MH+, 25%), 1 10 (100%). 



-23- 



wo 02/12199 PCT/EPOl/08949 



Preparation 14 6-alroro-3-chloroinethylpyridazlne 




CI — (\ />—c»jc* 

i—H 

A suspension of 3-chloro-6-methylpyridazme (3g), benzoyl peroxide (1 50mg) and N- 
chlorosuccinimide (3.12g) in CCI4 (30ml) was refluxed 16 hours, cooled, filtered and evaporated. 
Chromatography (EtOAc/hexane) gave title compound (l-67g). NMR 8(0003) 4.87 (2H, s), 
7.58 (lH,d), 7.71 (lH,d). 

Preparation 15 2-(Bis-t-butoxycarbonylamino)-4-pyridone-5-carboxyIlic acid 

XOOH 




10 (a) Methyl 7-raethoxy-tetrazoIoIl^-a]pyridlne-6-carboxyIate - A solution of methyl 6-chloro- 
4-methoxynicotinate (G. Lhommet and P. Maitte, C. R. Acad.Sci.Paris, series C, (1972), 275(21), 
1317-18, prepared analogously) (4.52g) in DMF (lOOral) was treated witfi sodium azide (2.92g) 
and heated at 90°C overnight After evaporation, the residue was taken up in CHCI3, filtered and 
the filtrate chromatographed (EtOAc/hexane 1 :1) to give title compound (2.3 Ig). MS (+ve ion 

1 5 chemical ionisation) m/z 209 (MH** 100%). 

(b Methyl 6-amlno-4-methoxynicotinate - Material from step (a) (350mg) with 
triphenylphosphine (490mg) in chlorobenzene (5ml) was heated to 135^C for 1.5 hours and 
evaporated. The residue was dissolved in HOAc (8ml)/water (2ml), heated at lOO^C for 30 mms. 
and the solution evaporated. Chromatography (EtOAc) gave the title compound QOSmg). 

20 (c) Methyl 2-amlno-4-pyridone-5-carboxylatc - The material from step (b) in cone. HI was 
heated to 85**C for 48 hours and evaporated to dryness. The residue m methanol (1 Qml) was 
treated with cone. H2SO4 (0.3ml), refluxed overnight and evaporated to low volume. The residue 
was treated with excess aqueous NaHCOa and extracted several times with chloroform. The 
organic was dried and evaporated to give tiie title compound as a white solid (220mg). MS (-ve 

25 ion chemical ionisation) m/z 167 ([M-H]-, 100%). 

(d) 2-(Bis.t-butoxycarbonylamino)-4-pyridone-5-carboxyllc acid - Material from step (c) was 
converted by the procedure of Preparation 4 into title compound (366mg). MS (-ve ion 
electrospray) m/z 353 ([M-H]-, 70%), 179 (100%). 

30 Preparation 16 3j4-Dihydro-3-methyI.4M)xopyrimidine-5-carboxyllc acid 

cc 

Me 

Ethyl 3,4-daydro-4-oxopyrimidine-5-carboxylate was mefliylated by the procedure of 
Preparation 13 step (a) and hydrolysed by the procedure of Preparation 2, stq) (b). The aqueous 
solution was acidified to pH2 with 2N HO. saturated with NaCl and extracted several times with 
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CHCI3. The organic s^t^n was dried and evaporated to give title coi^Kmd (60%). MS (-ve 
ion chemical iohisation) m/z 153 ([M-H]-, 20%), 109 (100%). 

Preparation 17 l,6-Dihydro-l-methyl-6-oxopyrldasdne-S-carboxylic acid 

COOH 



l!le 

Made by the procedure of Preparation 16 from ethyl 3-pyridazinol-4-carboxylate (overall 74%). 
NMR 5(CDCl3) 3.97 (3H,s), 8.13 (IH, d, J 6.3Hz), 8.19 (lH,d^ 6.3Hz), 13.8 (IH, broad). 

Preparation 18 l.(2-Bis-t-butoxycarbonylaminoethyI)-4-pyrIdone-3-carboxylic add 

XOOH 




N(BOC). 

10 . • ^ 

(a) Ethyl l-(2-acetoxyethyl)-4-pyridone-3-carboxylate - A mixture of ettiyl 4.pyridon©-3- 

carboxylate (1.8g), K2CO3 (2.5g), 2-bromoethyl acetate (1.49ml) and DMF (36ml) was heated at 
50°C overnight, evaporated and the residue taken up in ethanol and filtered After evaporation of 
the filtrate, the crude was chromatographed (EtOAc/EtOH 1 : 1) to give title compound (1 .66g). 
15 MS (+ve ion chemical ionisation) m/z 234 (MH+, 1 00%) 

(b) Ethyl l-(2-hydroxyethyl)-4-pyrldone-3-carboxyIate - Material &om step (a) (1.64g) in 
ethanol (30ml) was kept 5 hours with a catalytic amount of NaOEt, evaporated to low volume, 
added to a silica column and eluted with ethanol to give title compound (1.2g). MS (+ve ion 
chemical ionisation) m/z 212 (MH+, 100%). 

20 (c) Ethyl l.(2-bis-t-butoxycarbonylaminoetliyI)-4-pyridone-3-carboxyIate - Material fit>m 
step (b) (211mg), triphenylphosphine (394mg) and (B0C)2NH (326mg) in THF (5ml) were 
treated witii diethyl azodicarboxylate (0.246ml), stirred 30mins. and the solution evaporated. The 
residue was chromatographed (EtOH/EtOAc) to give titie compound (153mg). MS(+ve ion 
chemical ionisation m/z 411 (MH+, 1 00%). 

25 (d) l.(2-BIs-t-butoxycarbonyIaminoethyl)-4-pyridone-3-carboxylIc add - Material from step 

(c) was hydrolysed by the procedure of Preparation 4 step (b) to give title compound (86%). 
MS(.ve ion electropsray) m/z 381 ([M-H]-, 10%), 138 (100%). 

Preparation 19 7-(4-(t-ButylQxycarbonyl) plpera2ln-l-yl)-l-ethyl-4-oxo-l,4-dihydro-6,»- 
30 . diazaquInoline-3-carboxyUc add 
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OOH 



BOC^ 

7-(l-Piperazinyl)-l-ethyl-4-oxo-l,4-dihydro-6,8-diazaquinoline-3-caiboxylic acid (607ing) in 
dichioromethane (20nil) was heated with triethylamine (405mg) and di-tert-butyldicarbonate 
(873mg). The mixture was stirred overnight at ambient temperature then oncentiated in vacuo. 
The product was collected by filtration, washed wifli hexane and dried in vacuo to give a white 
solid (682mg). MS (-ve ion electrospn^) m/z402 (|M-H1",100%). 

Preparation 20 4-Oxo-l,4-dihydropyrido[2,3-c]pyrida2jne-3-carboxylic add 

;OOH 




10 (a) 3-(2-Chloropyrldin-3-yl)-2-diazo-3-oxopropionlc acid ethyl ester - 2-Chloromcotinoyl 

chloride (1 Og) and ethyl diazoacetate (1 9.4g) were heated together at 55«*C for 3 hours fliei left at 
ambient temperature for 1 8 hours. The mixture was concentrated in vacuo and the residue 
chromatographed on silica gel, eluting with 30-50% ethyl acetate in hexane. This gave the title 
compound (9.08g, 63%). NMR (CDas) 51.15 (3H.t), 4.15 (2H, q), 7.25 (IH, t), 7.58 (IH, dd), 

15 8.48(lH,dd). 

(b) 4-Oxo-l^-dihydropyrfdo[2^-c]pyridazlne-3-carboxyllc acid ethyl ester - 3-(2- 
Cailoropyridin-3-yl>2-diazo-3-oxopropionic acid ethyl ester (5g) in diisopropyl ether (150nil) 
was treated with triphenylphosphine (5.7g) and stined at ambient temperature for 18 hours.The 
resulting solid was filtered off and dried in vacuo then treated with methanol (250ml) and water 

20 (50ml) and heated under reflux for 2 hours. The methanol was distilled offand the resulting 
aqueous extracted with EtOAc. The organic was dried and evaporated. Chromatography 
(EtOAc/hexane) gave title compound (3.2g). MS (-ve ion chemical ionisation) m/z 218 ([M-H)-, 
100%). 

(c) 4-Oxo-l,4-dihydropyrido[2^-c]pyrldazine-3-carboxylic add - Material fiom step (b) was 
25 hydiolysed by the procedure of Prqjaration 10 to give title compound (62%). lOS (+vc ion 

electrospray) m/iz 192 (MIT*", 65%). 

Preparation 21 3-Methoxy-2-nitropyridlne-«-carboxaldehyde 
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10 



20 




i „ 

A mixture of 3-niethoxy-6-methyl-2-nitropyridme (S. Lindstrom, T. Ahmad and S. Grivas, 
Heterocycles (1994), 38(3), 529-540) (SOmmoIe) and N-bromosuccinimide (60nmiole) in CCI4 
(50ml) was refluxed under a 500 watt tungsten lamp for 16 hours, cooled, filtered and evaporated. 
A portion (2.4g) of the crude product was mixed with sodium formate (Ig), water (1ml) and 
ethanol (7ml), refluxed for 24 hours, cooled and concentrated to low volume. The residue was 
partitioned between dichloromethane and water, ihe organic dried and evaporated 
Chromatography gave the title compound (25%). 



Pyra2olo[l,5-a]pyrimidine carboxylic acid was obtained from Chembridge. 2,3-Dihydro-5- 
oxothiazolo[3,2-a]pyrimidine-6-carboxylic acid was obtained from Maybridge Chemical Co. Ltd 
2-Oxopyran-3-carbonyl chloride was prepared by the method of G.H. Posner, J. Org. Chem., ^ 
(1995)4617-28. 

1 5 1 ,4-Dihydro-6-methyl-4-oxopyridazine-3-cait)Oxylic acid was preptffed according to 1. Ichimoto, 
K. Fujii and C Tatsumi, Agric. Biol. Chem, (1967), 3L 979. 

4-Methoxynicotinic acid was prepared according to W.Ross, J. Chem. Soc.C, (1966), 1816. 
Example 1 - (2,4-Dihydroxypyriniidine-5-carboxylic acid) mutilin 14-ester 

.OH 




O 

(a) (2,4-DihydroxypyrimidIne-5-carboxylic acid)(3R)-3-deoxo-ll-deo3y-3-methoxy-ll-oxo- 
4-epimutilin 14.ester -.A solution of (3R)-3-deoxo-i l-deoxy-3-methoxy-l l-oxo-4-q>unutilin 
(334mg) in DMF (2ml) was treated wifli 2,4-dihydroxypyrimidme-5-caibonyI chloride mono 
DMF complex half hydrochloride (266mg)(O.Miyashita, KLMatsumura, T. Kasahara, H. 
25 Shimadzu and RHashimoto, Chem. Phann. Bull. (1 982),30, 887-898) and heated at 1 lO^C for 6 
houra. The solution was cooled, diluted with EtOAc (20ml), washed with water (3x20ml), dried 
and evaporated. Chromatography, eluting with EtOAc/hexane, gave the title compound as a foam 
(60mg). MS (-ve ion electrospray) m/z471 ([M-H]-, 100%). 
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£b) (254-Dihydroxypynraidine-5-carboxylic acid) mufilin 14-ester - The product of step (a) 
above was dissolved in dioxan (3ml), treated with cone. HQ (1 .5ml) and kept 5 hoiirs. EtOAc 
(lOmI) and water (10ml) were added, followed by solid NaHCOs untU basic. The layers were 
shaken, separated and the organic dried and evaporated. The solid was triturated under 
5 dichloromethane and filtered to give the title compound (48mg). MS (-ve ion electrospray) miz 
457 ([M-H]-, 100%). 

Examples 2-7 were prepared analogously to Example 1 . Acid chlorides were prepared by 
refluxing the carboxylic acids or Na salts in thiony 1 chloride for periods of between 2 and 24 
10 hours, evaporation to dryness and desiccation under vacuum. Products of step (b) were in some 
cases chromatographed. 
Step fa^ 



RCOO 




Example 
No 




yield (%) 


MS (-ve ion electrospray) 
m/z 


2 


CC 

H 


21 


455 ([M-H]-, 100%) 


3 


H 


25 


455 ([M-H]-, 100%) 


4 




30 


455 (IM-Hr, 100%) 


5 


XX 


54 


501 ([M-Hr, 100%) 


6 


cV 

H 


47 


454 ([M-H]-, 25%), 138 
(100%) 
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14 



505 i\M'H\\ 100%) 



.c*^"^ ^OH 




mil 



Example 
No. 


R 


yield (%) 


MS (-ve ion electrospray) 
ta/z 


2 






100 


441 ([M-H]-. 100%) 


3 


1 


V 




100 


441 ([M-H]- ,40%), 139 
(100%) 


4 




100 


441 ([M-HT, 100%) 


6 






r ■ 


92 


440 ([M-H]-, 10%), 138 
(100%) 


7 




o 




73 


491 ([M-H]-, 100%) 
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Example 8 - (7-Meth^llio-4-oxo-l,4-dihydropyrimido[4,5-c]pyrida3roe-3-ra acid) 
19,20-dIbydromatiIln 14-ester 




5 (a) (7-MethyIthio-4H)xo-l,4-dihydropyrimidoI4,5-c]pyrida2ine-3-carboxylic acid) (3R>-3« 
deoxo-ll-deoxy-19,20-dihydro-3-methoxy-ll-oxa-4-epiinutilinl4-ester-7-MethyltM 
l,4-dihydropyriniido[4,5-c]pyridazine-3-caiboxylic acid (Y. KJmma, C3iem.Phanii£ulL, (1976), 
24(1 1), 2637) was converted into acid chloride by reflux in thionyl chloride and evaporation to 
dryness. This was reacted with (3R)-3-deoxo-l lHdeoxy-19,20-dihydro-3-methoxy-l l-oxo-4- 

1 0 epimutilin (produced by atmospheric pressure hydrogenation of (3R)-3-deoxo-l l-deoxy-3- 

methoxy-1 l-oxo-4-epiniutilin with 10% Pd/C in etbanol) by the procedure of Exaniple 1, step (a) 
to giye title compoimd (31%). MS (-ve ion electrospray) m/z. 555 ([M-H]', 100%). 
(b) (7-Methylthio-4-oxo-l,4-dihydropyriniido[4,5-c]pyridazine-3-carboxylic acid) 19^0- 
dihydromutilin 14-ester - Material from step (a) was rearranged by the procedure of Example 1 

15 step (b) to give title compound (82%). MS (-ve ion electrospray) m/z 541 ([M-HT, 100%). 

Example 9 - Nalidixic add mutilln 14-ester 




(a) Nalidixic acid (3R)-3-deoxo-ll-deoxy-3-methoxy-ll-oxo-4-ep!mutilin 14-ester 
20 A suspension of nalidfacic acid (232mg) in dichloromethane (5ml) was treated wifli 1 drop of 
DMF and oxalyl chloride (0.1ml), stiired for 15 minutes and evaporated. Toluene (5ml) was 
added and evaporated and the residue redissolved in dichloromethane (5ml). (3R)-3-Deoxo-l 1- 
deoxy-3-methoxy-l l-oxo-4-epimutilin (lOOmg) and Ag20 (464mg) were added and the mixture 
stirred overnight at room temp, and filtered through kieselguhr. Chromatography of material 
25 contained in the filtrate, elutmg witb EtOAc/hexane, gave the title con5)ound as a foam (65mg). 
MS (■4^e ion electrospray) m/z 571 (MNa+, 15%), 549 (Mff^, 55%), ^ 
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(b) Nalidixic acid milft 14-ester - Nalidixic acid (3R>3-deoxo-l l-llKt-S-inethoxy-l 1-bxo- 

4-epimutilin 14-ester was treated as in Example 1, step (b) to give the title compound as a vMt& 
solid (86%). MS (+ve ion electrospray) m/z 535(MH^, 15%), 233(100%)- 

5 Example 10 - l"Methyl-4-pyridone-3-carboxylic add) mutilin 14-ester 




mil 



If 

Sodium l-methyl-4-pyridone-3-carboxyIate (175mg) in thionyl chloride (4ml) was refluxed 
overnight, evaporated to dryness and the residue dried under vacuum- The resulting acid chloride 
was esterified by the procedure of Example 9 step (a) (16%) and rearranged by the procedure of 
10 Example 1 step (b) to give title compound (98%)- MS (+ve ion electrospray) m/z 456 
(MH+,25%),154(100%). 

Example 11 - (2-Oxo-l^-dihydropyrazine-3-carboxyHc acid) mutilin 14-ester 

OH 




H 

15 2-pxo-l,2-dihydropyra2ine-3^arboxylic acid (A. Krapcho. et. al., J. Het C3iem. (1997), 34. 27- 
32) (Ig) was refluxed in thionyl chloride (20ml) for 3 hours and evaporated to dryness. The 
resulting acid chloride was esterified by the procedure of Example 9, step (a) (16%) and 
rearranged by the procedure of Example 1 step (b) to give title compound (100%). MS (-ve ion 
electrospray) m/2 441 ([M-H]-, 100%). 

20 

Example 12 - (2,4-Dihydroxypyrlmidine-5-carboxylic acid)(3R)-3-deoxo-ll-deoxy-3- 
metfaoxy-ll-ozo-4-epimutilin 14-ester 

A solution of (3R)-3-deoxo-l l-deoxy-3-methoxy-l l-oxo-4-epimutilin (170mg) in 
dichloromethane (5ml) was treated with Ag20 (348mg) and 2,4-dihydroxypyrimidine-5-caibonyl 
25 chloride mono DMF complex half hydrochloride (266mg) and stirred for 3 days. The mixture 
was filtered and Ae filtrate evaporated to give the title compound mixed with an equimolar 
amount of (3R)-3-deoxo-l l-deoxy-3-methoxy-l l-oxo-4-epimutilin (220mg). 

Example 13 - (2,4-Dihydroxypyrimidine-5-carboxylic acid)C2S)-2.1iydroxymiitilin 14-ester 
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(a) (2,4-Dihydroxypyrimidin€-5-carboxylic acid)(2S)-2-dichloroacetoxy-ll-0- 
trinuoroacetylmutlUn 14.ester - A solution of (2S)-2-dichloroacetoxy-l l-O- 
trifluoroacetylmutilin 14-ester (271mg) in dichloromethane (10ml) was treated with silver oxide 
5 (700mg) and 2,4-dihydroxypyrimidine-5-carbonyl chloride mono DMF conq)lex half 

hydrochloride (see Example l)(532mg) and stirred for 1 week at room taiq>. The mixture was 
filtered and the solid washed with dichloromethane (10ml). The title confound was not fomid in 
the filtrate, but was obtained by washing the solid with ethanol (2 x lOmO. Evaporation of 
ethanol, dissolving the residue in EtOAc and filtration of &is solution flirough silica followed by 
10 evaporation gave the title con5)ound as a white solid (22mg). MS (-ve ion electrospr^) m/z 679 
OM-H]-, 35%). 437(100%). 

0») (2,4-Dihydroxypyrimldine-5-carboxylfc acid)(2S)-2-hydroxymutilin 14-ester - The 
. product fi-om step (a) (22mg) was suspended in ethanol (5inl) and treated dropwise with 
0.5N KOH (0.128ml). After 15 minutes the resulting solution was treated with saturated 
15 aqueous NaHCOa (4ml) and stirred vigorously for 2 hours. EtOAc (15ml) and water 
(ISml) were added, the laycsrs shaken and separated. The aqueous was re-extracted with 
EtOAc (1 5ml) and the combined organic dried and evaporated to give the title conq>ound 
as a white solid (lOmg). MS (-ve ion electrospray) m/z 473 ([M-H]-, 75%), 155 (100%). 



20 Example 14 - (S-PyrldazSnoW-carboxylic acid) mutiUn 14-ester 




25 



(»\ r3-Pvrida7inol-4-carboxvlic acid^ nRV3-deoxo -11-dcoxv-3-niethoxv-ll-oxo-4-eplmutilin 
14-ester 

A suspension of sodium 3-pyridazinol-4-caiboxylate (324mg) in dichloromethane (15ml) was 
treated with 1 drqp of DMF and oxalyl chloride (0.262ml), stirred for 0.5 hour and the solvent 
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evaporated Benzene ^^1) was added and evaporated and the residue^^ up in 
dichloromethane (15ml). Silver cyanate (600mg) and (3R)-3-deoxo-ll-deoxy-3-methoxy-ll- 
oxo-4-epimutilin (668mg) were added and the mixture stirred at room ten^. under argon for 18 
hours and filtered through kieselguhr. Chromatography of material contained in the filtrate, 
5 eluting with EtOAc/hexane, gave the title compound (200mg) as a foam. MS (-ve ion 
electrospray) m/z 455([M-H]->100%). 
(b) (3-Pvridazinol-4>carboxvlic acid) mutilln 14>ester 

A solution of (3-pyridazinoMK:arboxylic acid) (3R)-2-deoxo-l l-deoxy-3-methoxy-l l-oxo-4- 
epimutilin 14-ester (287nig) m dioxan (8ml) was treated dropwise with cone. HQ (4ml) and left 
10 overnight at room temp. The mixture was diluted with chloroform (1 5ml) and water (1 5ml) and 
treated with solid NaHCOs until basic. The layers were shaken and separated, the organic dried 
over MgS04 and evaporated. Chromatography (EtOAc/hexane) gave the title conq)Ound as a 
white solid (230mg). MS (-ve ion electrospray) m/z 441 ([M-H]-, 40%), 139 (100%). 

15 Example 15 - Nalidixic acid (3R)-3-deoxo-ll-deoxy-3-methoxy-ll-oxo-4-epimutain 14-ester 
Using conditions analogous to those of Example 14, the title compound was obtained in 16% 
yield, identical to the product of Example 9, step (a). 

Fxamnle 16 ■ (2.4-DihvdroxvDvrimidine-5-carboxv lic acid^ (3RV3-deoxo-ll-deGXV-3- 
20 methoxV"ll-oxo-4-eptmut!lin 14-ester 

Using conditions similar to those of Example 14, the title compound was obtained in 47% yield, 
identical to the product of Example 1, step (a). 

25 Example 17 - (4>EthoxvQuinoIine-3>carboxvl ate1i mutilin 14-ester 




O 

ffl^ f4>ChloroQuinoline>3-carboxvlateV3RV3-deo yci>l l-deoxv-3-methoxv-ll-oxo-4- 
epimutilln 14-ester 

30 A suspension of 4-quinolone-3-carboxylic acid (1 89mg) in dichloromethane (5ml) was treated 
with 1 drop DMF and oxalyl chloride (0.2ml), stirred 1 .5 hours and the solvent evaporated. The 
residue was briefly put under vacuum to provide 4-chloroquinoline-3-carbonyl chloride as a white 
solid. 

A solution of (3R)-3-deoxo-li-deoxy.3-methoxy-ll-oxo-4-epimutilin (334mg) m THE (5ml) at - 
35 20^C under argon was treated with a IM solution of sodium hexamethyldisilazide in THE (1ml), 
stirred 15 minutes and treated with the above 4-chloroquinoline-3-carbonylchloride. The mixture 
was stirred at room temp, overnight, diluted with EtOAc (30ml), washed with water (30ml), dried 
and evaporated. Chromatography (EtOAc/hexane ) gave a 1:1 mixture of the title compound with 
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(3R)-3-deoxo-l l-deoxy-3-methoxy-l l-oxo-4-epiinutilin (227mg). MS (+ve ion electrospray) 
miz 524 (MH+, 3%), 208 (100%). 

(b1 (4>EthoxvQuino]ine-3-carbox>^ateU3RV3-deoxo-ll-deoxV"3-methoxv-ll-oxo-4-- 
epimutilin 14-ester 

A solution of the product from step (a) (227mg) in ethanol (3ml) was treated with 0.5M KOH in 
EtOH (1ml) and stirred 6 hours. EtOAc (20ml) was added, the solution was washed with water 
(20ml), dried and evaporated. Chromatography (EtOAc/hexane) gave the title compound 
(137mg). MS (+ve ion electrospray) m/z 534 (MH+, 100%). 
(ci f4'EthoxvQuinoline-3-carboxvlate) mutllin 14>ester 

The product of step (b) was rearranged according to the procedure of Example 14, step (b) to 
provide the title compound as a foam (105mg). MS (+ve ion electrospray) m/z 520 (MK*", 5%), 
218(100%). 

Example 18 - f4>Hvdrox\Tilcotinic acid) mutllin 14-ester 




O 

(a) r4-Hvdroxvnicotinic acidlf3RV3-deoxo-ll-deoxv-3>m ethoxv-ll-oxo-4-epimutilin 14- 
ester 

A suspension of calcium 4-hydroxynicotinate (79mg) (Specs and Biospecs B.V.) in 
dichloromethane (2.5ml) was treated wifli 1 drop of DMF and oxalyl chloride (0.13ml), stirred 3 
hours and evaporated. Benzene (5ml) was added and evaporated to provide an acid chloride. 
A solution of (3R)-3-deoxo-ll-deoxy-3-methoxy-ll-oxo-4-epimutilm (167mg) inTHF (5ml) at- 
78°C under argon was treated with 2.5M n-BuLi in hexane (0.22ml), left 15 minutes and added to 
the above acid chloride. The mixture was stirred at room temp, overnight, treated wifli saturated 
aqueous NaHCOs (20ml) and then EtOAc (2Qm]), and the layers shaken and separated. The 
organic was dried and evaporated. Chromatography (EtOAc/hexane) gave the titie compound 
(23mg) as a white solid. MS (-ve ion electi-ospray) m/z 454([M-H]-, 25%), 138 (100%). 
(V) (4-Hvdroxvnlcotinic acid^ mutilin 14-ester 

The product of step (a) was rearranged accordmg to the procedure of Example 14, step (b) to 
provide the titie compound as a white solid (20mg). MS (-ve ion electrospray) m/z 440([M-H]- 
,10%), 138 (100%). 

The following were prepared in a similar manner to step (a) of Example 18: 
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RCOO 




Example no. 


R 


% yield 


MS Cm/z) 




CC 

N OMe 


48 


(H-veionC.I.)470 
(MH+,40%),285 
(100%) 


20 




56 


(+veionC.I.) 474 
(MH+, 100%) 


21 




3 


(-ve ion C.I.) 510 
(Prf+OMe]-, 100%) 
478 ([M-H]-, 70%) 


22 


rtV 


32 


(-ve ion electrospray) 
573 (MOAc% 100%) 


23 




16 


(+ve ion electrospray) 
479 (MNa+, 40%), 
163 (100%) 


24 


Vr 

u 


2 


(-VC ion electrospray) 
564 ([M-H]-, 10%), 
333(100%) 


25 




34 


(+ve ion 

electrospray) 470 
(MH+, 5%), 154 
(100%). 



Example 19 . . ^i. i^ 

5 Oit (2-Mcthhxvnicotinic aciJ> mutilin 14-ester and r2-hvdroxvmcotinic acid) mutihn 14- 

ester 
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The product of Exan^le 1 9, step (a) was reamnged according to flae procedure of Exaiiq>le 14, 
step (b) to give the two title coiiq>ounds. 

5 (2-Methoxynicotinic acid) mutilin 1 4-ester (1 5%): MS (+ve ion chemical ionisation) na/z 456 
(Nffl+, 20%). 285(100%). 

(2-Hydroxynicotinic acid) mutilin 14-ester (37%): MS (-ve ion electrospray) m/z 440 ([M-H]", 
100%). 

10 The following were pi^ared in a similar manner to step (b) of Example 14: 

\y OH 

RCOO— ( > — 



O 



Example no. 


R 


% yield 


MS(m/^) 


21 


**^N N 


98 


(+ve ion electrospray) 
488 (MNa+ 60%), 
227 (100%) 


22 




100 


(-ve ion electrospray) 
559 (MOAc-, 100%) 


23 




55 


(+ve ion electrospray) 
465 (MNa+ 30%), 
163 (100%) 
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24 


g 


100 


(-ve ion electrospray) 
550 ([M-H]-, 65%), 
248 (100%) 


25 




100 


(+ve ion electrospray) 
456 (lSffl+, 7%), 154 
(100%). 



Example 26 - f4-Outaolone-3-carbo3cvIic acid^ mutilin 14-ester 




10 



15 



20 



fa^ r4>Oulnolone-3-carboyvlicacidV3RV3-deoxo-ll>de oxv>3-methoyv-ll-ox<H4>epiiiiutllin 
14-ester 

An ice-cooled suspension of 4-quinoIone -3-carboxylic acid (189mg) in dichloromethane (5ml) 
was treated with triethylamine (0.139ml) and (3R)-14-0-chlorocarbonyl-3-deoxo-l l-deoxy-3- 
methoxy-1 l-oxo-4-epimutilin (200mg) (Example 12 from US patent 6020368, July 2000). After 
15 minutes, 4-dimethylaminopyridine (60mg) was added and the solution left 3 days at room 
temp., washed with 0.5N HQ (10ml) and saturated NaHCOs solution (10ml), dried and 
evaporated The material obtained was a mixture of (3R)-3-deoxo-l l-deoxy-3-methoxy-l 1-oxo- 
4-epimutilin with the title compound. MS (-ve ion electrospray) m/z 504 ([M-Ifl-, 100%). 
(b\ (4-Ouinolone-3-carboxvlic acid^ mu tilin 14-ester 

The material from step (a) m dioxan (10ml) was treated wift cone. HCl (5ml) and left ovemigiht 
The solution was diluted with EtOAc (20ml) and water (20ml) and treated wife solid NaHCXJs 
until basic. The layers were shaken and separated, the organic dried and evaporated. The residue 
was triturated under ether and the white solid filtered off and washed with ether to give the title 
compound (35mg). MS (-ve ion electrospray) 490 ([M-H]-, 100%). 

Example 27 - f2-Amtno-4-hvdroxvpvrimidine- 5-carboxvlic acid) mutilin 14-ester 
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(a) BOC derivatives of f2-amino-4-hvdroxvDvrimidine'5"CarboxvlSc acldl f3RV3"de oxo-ll- 
. deoxv-3>methoxv-ll-oyo-4-epinnitilin 14-ester 
The product from preparation 4 (355mg) in dichloromethane (5ml) was ice-cooled, treated with 
5 triethylamine (0.139ml) and (3R)-14-0-chlorocarbonyl-3-deoxo-l l-deoxy-3-methoxy-ll-oxor4- 
epimutilin (396mg) and stirred for 6 hours, while allowing to warm to room temp, 4- 
Dimethylaminopyridine (6Qmg) was added and the mixture left for 3 days, added to silica cohmm 
and eluted with EtOAc/hexane to obtain the title compounds as a foam (174nig). MS (+ve ion 
electrospray) m/z 572 (MH+ for mono BOC derivative, 20%), 256 (100%). 

10 (h) (2>Amino-4-hvdroxvpvnmidine»5'Carboxvlic acid) muti lin 14-ester 

A solution of the product from step (a) in dioxan (5ml) was treated with oonc, HQ (2.5ml) and 
left overnight. EtOAc (10ml) and water (lOml) were added, followed by solid NaHCOs until 
basic. A further 500ml EtOAc were added and the layers shaken and separated. The organic was 
dried and evaporated and the residue crystallised from hot ethanol (10ml). The solid was filtered 

15 off and the filtrate evaporated to provide the title compoimd as a white solid (55mg after 
trituration under ether). MS (-ve ion electrospray) m/z 456 (IM-H1",100%). 

ExamDle 28 - f3.4-Dlhvdro>2-dimethvlamino-4-oxoDvrimidi] ne-^5>carboxvHc acid! mutilin 14- 
ester 

20 

ffl) r3,4>Dihvdro-2>dimethvlamlno>4-oxoDvrimidine-5-carbo xvHc addl f3RV3-deoxo-ll- 
deoxv-3-methoxY-ll>oxo-4-eDimutilin 14-ester 

3,4-Dihydro-2-dimethylamino-4-oxopyrimidine-5-carboxylic acid (92mg) in dichloromethane 

(3ml) was ice-cooled, treated with triethylamine (0.07ml) and (3R)-14-0-chlorocaibonyl-3- 

25 deoxo-1 l-deoxy-3-methoxy-l lK)xo^-epimutilin (198mg) and stirred ovemigjit, allowing to 

warm to room temp. The solution was again ice-cooled, treated witfi 4-dimefliylaminopyridine 

(30mg) and stirred overnight, allowing to warm to room temp. The mixture was added to a silica 

column and eluted with 40% EtOAc/hexane to give title compound (1 58mg). MS (-ve ion 

electrospray) m/z 498 ([M-H]-, 100%). 
30 (h) f3,4>Dihvdro-2-dlmethvlamtno-4-oxoDvriml dine-5-carbnYv«c acidl mutilin 14-e5ter 

Material from step (a) was rearranged by the procedure of Exan5)le 14 step (b) (94%). MS (-ve 

ion electrospray) m/z 484 ([M-H]-, 100%). 

Examples 29-43 sten fal 
35 The following were prepared analogously to stq> (a) of Example 28: 
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l>.o 
Rcoo-/ R"M.— 



Example no. 


R 


% yidd 


MS (m/z) 


29 


0 


9 






Et 


53 




31 




29 


(4ve ion electrospray) 
678 (MNa+, 100%) 


32 




37 . 




33 




54 


(+ve ion electrospray) 
512(MNa+ 20%), 
156 (100%) 


34 




37 


(+ve ion dectrospray) 
735 (MH*:, 12%), 420 
(100%) 


35 


BOCIjl'^N'^O 
Me 


44 


(-VC ion electrospray) 
584 ([M-H]-, 100%) 


36 


Me 


37 


(+ve ion dectrospray) 
963 (2MNa+, 100%), 
493 (MNa+, 60%) 
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(+ve ion electrospray) 


37 


1 

Me 


58 


493 (MNa+, 35%), 
177 (100%) 


38 




53 


(-ve ion electrospray) 


< 

N(BOC), 


757(MOAc-,100%) 


39 




39 


(-ve ion electrospray) 
669 ([M-H]-, 100%) 


40 




15 




41 




21 


(-ve ion electrospray) 


469 ([M-H]-, 100%) 


42 




34 


(-ve ion electrospray) 




532 (^-H]-, 100%) 








43 




48 


(-ve ion electrospray) 


506 ([M-H]-, 100%) 



Examples 31-43 step (b\ 

The following were prepared analogously to step (b) of Example 14: 
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RCOO 




Example no. 




% yield 


MS (m/z) 


31 




76 


(-l-ve ion C.I.) 442 
(MH+, 10%)303 
(100%) 


32 




72 


(+ve ion electrospray) 
515 (MNa+, 60%), 254 
(100%) 


33 




83 


(+ve ion electrospray) 
498 (MNa+, 50%), 156 
(100%) 


34 




75 


(+ye ion electrospray) 
622(MH+,40%),320 
(100%) 


35 




100 


(-ve ion electrospray) 
470 ([M-H]-, 100%) 


36 


J.. 


100 


(+ve ion electrospray) 
935 (2MNa+ 100%), 
457 (Mir^, 5%) 


37 


Me 


98 


(+ve ion electrospray) 
520 (MNa|Measri+, 
100%), 479(MNa+ 
30%) 


38 


NH, 


100 


(-ve ion electrospray) 
543 (MOAc-, 100%) 
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39 




100 


(-ve ion electrospray) 
455 ([M-H]-, 70%), 
153 (100%) 


40 




76 


(-ve ion ele<*ospray) 
606 ([M-H)-, 100%) 


41 


A 


100 


(-ve ion electrospray) 
455 ([M-H]-, 100%) 


42 




39 


(-ve ion electrospray) 
518 ([M-H]-, 100%) 


.43 


ocV 


95 


(-ve ion electrospray) 
492 ([M-H]-, 100%) 



T?:xflmDle 44 - f3.4-Dihvdro-2-diniethvlainino-4-oxoDvriinl dine-5-carboxvHc acidM2S)-2^ 
hvdroxvinotfHn 14»ester 




5 fa^ (3.4,Dihvdro>2>d)methvlaiTiino>4>oxopYriTnldine-5 >carboxvlic acidVf2S>-2- 
dichloroacetoxv-ll-O-triflttoroacetvlmutn in 14-ester 

Prepared from 14.0-chloroacarbonyl.(2S)-2-dichloroacetoxy-l 1-0-trifluoroacetylmutilm by the 
procedure of Example 28 step (a) (39%). MS (-ve ion electrospray) m/z 706 ([M-HT, 100%). 
(bl G,4-Dlbvdro»2'd!inethvlaiiiin(H4>oxoPYrfinidfne-S *carboxvlic acidW2SV2- 

10 hvdroxvmptiHn 14>esfer 
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Material from step (a^^^deprotected by the procedure of Example 13^^ (Jo) and 
chromatographed to give title compound (36%). MS (-ve ion electrospray) m/z 500 ([M-HQ", 
60%), 182(100%). 

Example 45 > Nalidixic acid f3RV3-deoyo-ll-deoxv-3-methoxv>ll'OXO-4»epimutilin 14-ester 

A suspension of nalidixic acid (232mg) in dichloromethane (4.5ml) was treated wifli a 20% 
solution of phosgene in toluene (0.53ml) and stirred 5 hours at room temp. (3R)-3-deoxo-l 1- 
deoxy-3-methoxy-l l-oxo-4-epimutilin (167mg) v/as added and stirring continued overnight The 
mixture was filtered and the filtrate evaporated to provide a crude product shown by NMR to 
contain a substantial amount of the title compound (by comparison with the product of Example 
9, step (a). 

This reaction is also successful using DMF as solvent instead of dichloromethane. 
Example 46 - Nalidixic acid (2SV2>dichloroacetoxv-ll'0-trifluoroac etvlmutiHn 14-ester 

A suspension of nalidixic acid (232mg) in BMF (4ml) was ice-cooled, treated with 20% phosgene 
in toluene (0.53ral) and stirred for 3 hours. (2S>2-Dichloroacetoxy-l 1-O-trifluoroacetylmutilin 
(200mg) was added and the mixture stirred for 48 hours at room temp., diluted with EtOAc 
(30ml), washed with saturated aqueous NaHCOs (20ml) and water (3 x 20ml), dried and 
evaporated. CSiromatography (EtOAc/hexane) gave the title compound mixed with nalidixic acid 
1,2-didehydro-ll-O-trilluoroacetylmutilin 14-ester (137mg). MS (+ve ion electrospray) m/z 757 
(MH+, 10%),233(100%). 

Example 47 - Nalidixic acid (3R)-3-deoxo-ll-deoxv-3-methoxv-ll-ox o-4-eplmutilin 14-ester 

Nalidixic acid chloride (Immole) was prepared as in Example 9, taken up in dichloromeftane 
(5ml) and treated with (3R>3-depxo-l l-deoxy-3-methoxy-l l-oxo-4-epimutilin (167mg) and tri- 
n-butyl phosphine (0.125ml). After stirring overnight, the solution was added to a silica colunm 
and eluted BtOAcyhexane to give title compound (1 81mg), identical to the product of Exanq>le 9, 
st9(a). 

Example 48 - r2-Methvlthfo-4-oxo-3>4-dihvdropvrimidin e-5-carboxvlic acid) f3RV3-deoxo- 
1 l>deoxv-3-methoxv-ll-oxo-4-epimutilin 14-ester 

A mixture of 2-methylthio-4-oxo-3,4-dihydropyrimidine-5-carboxylic acid (1 86mg), (3R>3- 
deoxo-ll-deoxy-3-methoxy-ll-oxo-4-epimutilin (84mg), 4-dimethylaminopyridine (31mg) and 
dicyclohexylcarbodiimide (206mg) in dichloromethane (2ml) was stirred overnight After 
dilution with dichloromethane (20ml) the solution was washed wifli 0.5N HCl, water and 
aqueous NaHCOa (20ml of each), dried and evaporated. NMR analysis showed 40% conversion 
to the title compound. MS (-ve ion electrospray) m/z 501 ([M-BQ-, 100%). 
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Example 49 - n.6-PWP5ro>3'methoxvmethvl-6'OXopvrim!dine>S'CaW>bxvlic acid) mutilin 
14-ester a n d n.4-dihvdro>l-methoxvniethvl-4-oyopvr!niidine-S"Carboxvlic acid) mutilfn 14- 
ester 




OH 



■ini 



CH,OCH, 




T 

CH2OCH3 

A solution of (l,6-dihydro-6-oxopyrimidine-5-carboxyIic acid) mutilin 14-ester(150mg) in DMF 
(4ml) was treated with K2CO3 (SOmg) and c?hloromethyl methyl ether (0.027ml), stirred 
overnight and diluted with EtOAc (20nil). The sohition was washed with water (3 x 20mlX dried 
and evaporated. Chromatography (EtOAc/hexane) gave the title compounds, respectively 80mg 
MS (+ve ion electrospray) m/z 995 (2MNa'^,100%), 509 (MNa+ 45%) and 60mg MS (+ye ion 
electrospray) m/z 995 (2MNa+ 10%), 487 (MH+, 10%), 185 (100%). 

The following Examoles (50-72) were prepared by alkylation of heterocycles as m Example 49. 
For Examples 59, 62, 64-66, 0. 1 equivalent of tetrabutylammonium iodide was included in the 
reaction. Alkylating agents were MEM chloride, iodomethane, bromomethylpyridines, 
bromoacetylpyridine, 6-chloro-3-chloromethylpyridazine, 1,3-dibromopropane, 2-chloromethyl- 
4-dimethylaminopyrimidine (R.J. Ife and T.H. Brown, US Patent 4777172, 1988), 
bromoacetonitrile, 4-chloromethyl-6-dimethylamino-5-methylpyrimidine (lie and Brown, US 
4777172), l-benzyl-2-chloromethylimidazole {R.G. Jones, JACS (1949), 7L 383-6), 2-chloro-5- 
chloromethylpyridine (P. Bruneau, C. Delvare, M.P. Edwards and R.M. McMillan, J. Med. Chem. 
(1991), 34» 1028-36),2-bromoethyl acetate and 3-bromopropanol. 




RCOOii" 
iiiif 



Example 
No. 




yield (%) 


MS m/z 


50 




51 


(+ve ion electrospray) 553 
(MNa+ 90%), 251 (100%) 
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28 


(+ve ion electrospray) 553 
fMNa*". 100%\ 531 
(MH+,40%) 


52 




61 


(-ve ion electrospray) 515 
(MpAc-, 100%) 


53 


^^^^^ 


71 


(-ve ion electrospray) 592 
(MOAc-, 100%), 532 ([M- 
H]-, 50%) 


54 


N 


63 


(+ve ion electrospray) 534 
(MH+, 100%) 








55 




45 


(-ve ion elecrospray) 591 
(MOAc-i 80%) 


56 




34 


(+ve ion chemical 
ionisation) 533 QAH^, 
100%). 


57 




21 


(+ve ion chemical 
ionisation) 533 (MH+, 
100%) 


58 




34 


(-ve ion electrospray) 559 
([M-H]- 100%) 


59 




78 
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60 




58 




61 


Br(CH^,\ JL^ 


71 


(+ve ion chonical 
ionisation) 584 and 586 
(MNa+) 


62 




18 


(4ve ion electro^iray) 577 
(MH+. 40%X 275 (100%) 


63 




100 


(-ve ion elecrospray) 479 
([M-H]-, 100%) 


64 




41 


(+ve ion electrospray) 591 
(MH^, 40%), 289 (100%) 


65 




29 


(■fve ion electrospray) 612 
(MH+,40%), 171 (100%) 


66 


CI 


66 


(-ve ion electro^ray) 625 
(MOAc-, 100%) 








67 




63 


(-ve ion electrospray) 586 
(MOAc-, 100%) 


68 




58 


(-ve ion electrospray) 515 
(MOAc-, 100%) 
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69 


cV 

r 

(6hj,oh 


38 


(+ve ion electrospray) 500 
(MH*-, 15%), 198 (100%) 


70 


11 11 

So 


61 


(-ve ion electrospray) 531 
([M-H]-, 100%) 


71 




69 


(-ve ion electrospray) 479 
([M-HT, 100%) 


72 


Cm" 

(6Ha),OH 


34 


(-ve ion electrospray) 608 
(MOAc-, 100%) 



Example 73 - (2-Oxo-l-(tetra2oloIl,5-bJpyrida2in-6-ylmethyO-l^-dihydropyridlne- 
3-carboxyIic acid] mutiliB 14-ester 




5 A solution of (1 -(3-chloropyridazm-6-ylmethyl>2-oxo- 1 ^-dihydropyridme-3-carboxylic acid] 
mutilin 14-ester (284ing) in DMF (5ml) with sodium azide (260mg) was heated at 130**C for 5 
hours, cooled, diluted with EtOAc (30ml), washed with water, dried and evaporated. 
Chromatography (EtOAc/MeOH) gave title compound (SOmg). 

10 Example 74 - (l-(3-Aminopyridazin-6-ylmethyl>2-oxo-l,2-dihydropyridlne-3- 
carboxylic acid] mutilin 14-ester 
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15 



20 




mill 



A solution of (2-oxo-l-tetra2oloIl,5-b]pyridazm-6-yImethyl).l,2-dihydropyri 
acid] mutilin 14-ester (271mg) and triphenylphosphine (123mg) in chlorobenzene (2ml) was 
refluxed 2 houis, cooled and evaporated. The residue was dissolved in HOAC/H2O (8:1, 10ml), 
5 refluxed 25 mins and evaporated. OuDmatography gave the title compound (SOmg). MS (-ve ion 
electrospray) m/z 607 (MOAc-,100%). 

Example 75 - Il.(3«hydroxypropyI)-2-oxo-l,2-dihydropyridine-3-carboxylic acidl 
mutilin 14-ester and (l-(3-imidazoIyIpropyl)-2-oxo-l^-dihydropyridine-3-carboxyMc 
10 add] mutilin 14-ester 



HO(CHJ, 




OH 



r^N(CHj3lJI 




mil 



A solution of il-(3-bromopropyl)-2-oxo-l,2-dihydropyridine-3-carboxylic acid] mutilin 14-ester 
(90mg) in DMF (2ml) was treated with K2CO3 (33mg) and imidazole (25mg) tod stirred 16 
hours. The mixture was diluted with EtOAc (20ml), washed with water, dried and evaporated 
Ou-omatography (EtOAc/MeOH) gave the title compounds, respectively 18mg, MS (+ve ion 
chemical ionisation) xn/z 522 (MNa+ 100%) and lOmg, MS (+ve ion chemical ionisation) m/z 
572 (MNa+ 100%). 

The following were prepared similarly, using morpholine, 2-mercaptoimidazole and 4-(3- 
pyridyl)-lH-imida2ole (A, Denis et al., Bioorg, and Med.Chem.Lett (1999), 2, 3075-80). 



R(CH2)3N 




Illlll 



Example 



yield 
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10 



No. 


w 






76 




84 


(-ve ion electrospiay) 627 
(MOAc-, 100%) 


77 




46 


(+ve ion electrospray) 604 
(MNa+, 100%) 


78 




11 


(+ye ion electrospray) 627 (MH^ 
100%) 



Example 79 - [l-(2-hydroxyethyI)-2-oxo-l^-dihydropyridine-3-carboxyllc add] mutUIn 14- 
ester 




null 



A solution of [l-(2-acetoxyethyl)-2-oxo-l,2-dihydropyridine-3-carboxylic acid] mutilin 14-ester 
(700mg) in dioxan (5ml)/H20(5ml) was Seated with IN NaOH (1.53ml) and stirred 4 hours. 
Water (10ml) was added and the mixture extracted with dichloromethane (3x10ml). The organic 
was dried and evaporated to give title compound (SSOmg). MS (-ve ion electrospray) m/z 544 
(MOAc-, 100%). 

Example 80 - {l.[3-(Imida2ol-l-yI)propyI]-4^oxo-l,4-dlhydropyridine-3-carboxylic acid} 
mutilin 14-ester 

.OH 



Hill 




15 



[l-(3-hydroxypropyl)-4-oxo-l,4-dihydropyridine-3-carboxylic acid] mutilin 14-.ester(0.18g) was 
treated with triethylamine (O.OSSml) and methanesulphonyl chloride (0.029ml) in 
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dichlorometfaane (S^lj^t ambient temperature for 18 horns. The sol^R^was washed widi 
saturated sodium hydrogen carbonate solution, separated, dried and evaporated. The residue was 
dissolved in dimethyl formamide (5nil) and treated with imidazole (0.1 2g) at 90^C for 18 hours. 
The mixture was evaporated to dryness and chromatographed on silica gel, eluting with 
methanol/0.880 ammonia/dichloromethane 9:1:90. This gave the title compound (0.034g, 20%). 
MS (+ve ion electrospray) m/z 550 (Mff*", 30%), 572 (MNa+ 100%). 

Example 81 - {l-[3-(l,l-dioxothiomorpholin-4-yl)propyll-4-dxo-l,4- 
dihydropyridine-3-carboxyIic acid}ihutilin 14-ester 




[l-(3-hydroxypropyl)-4-oxo-l,4-dihydropyridine-3-carboxylic acid] mutilin 14-ester (0.215g) 
was converted to the mesylate as in Example 80. This was dissolved in toluene (10ml) and 
treated with 1,1-dioxothiomoipholine trifluoroacetate salt (0.4 Ig) and N,N-diisopropylamine 
(0.57ml) and heated under reflux for 18 hours. The mixture was evaporated to dryness and the 
residue partitioned between dichloromethane and saturated sodium hydrogen carbonate solution. 
The organics were dried and evaporated to dryness. Chromatography on silica gel, eluting with 
4-12% methanol/dichloromethane gave the title compound (0.02g, 10%). MS (+ve ion 
electrospray) m/z 639 (MNa+ 45%), 315 (100%). 

Example 82 - [3,4-Dihydro-2-(4-methyM-piperazinyl)-4-oxopyriinidine-5-carboxylic 
acid] mutilin 14-ester 




MeN. 



(a) f3.4"Dlhvdro-2-f4»methvl-l-piDerazlnvlV4-oxopvrlmidine-S-carboxvllc acid! f3Rl-3- 
deoxo-ll"deoxV"3-methoxv-ll>oxo-4-eDimuti]in 14-ester 

-50- 
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A solution of (3,4-dih^^2-methylthio-4-oxopyrimidine-5-carboxylic^^ (3R>3-deoxo-l 1- 
deoxy-3-methoxy-l l-oxo-4-epiniutiIin 14-ester (Example 5) (0.25g) in dioxan (3ml) was treated 
with l-methylpiperazine (0.09ml) and refluxed under argon for 4 days. The solution v/as 
evaporated and the residue chromatog^phed (CHCl3/MeOH/0.88NH3(aq) 97.5:2.5:0.25) to give 
title compound as a foam (220mg). MS(-ve ion electrospray) m/z 553 ([M-H]', 100%). 
fb) r3,4-Dihvdro-2-f4>methvM-pipera2invlV4-oxopynmidSne-S*carboxvlic acidl mutiHn 14- 

ester 

Material from step (a) in dioxan (5ml) was treated with cone. HQ (2.5 ml) and stirred overnight 
CHCI3 (20ml) and water (20ml) were added, followed by solid NaHC03 until basic. Layers were 
shaken and separated, the organic was dried and evaporated to leave title compound as a foam 
(2 1 Omg). MS (-ve ion electrospray) m/z 539 ([M-H]-, 1 00%) 



Examoles 83-97 w ere prq>ared analogously to BxBmple 82 



15 Step (a) 




coo 



• Hill 



Example 
No 


R 


yield 

(%) 


MS (-ve ion electrospray) m/z 


83 


BOCNHCHjCHjNH — 


78 


613 (FM-H]-. 100%) 


84 


Bocr^ ^ — 


94 


63? ([M-H]-, 100%) 


85 


BOCNHNH 


90 


585 CfM-Hl", 50%). 511 (100%) 


86 


O- 


74 


521 ([M-H]-, 75%), 205 (100%) 


87 


BOCNHCH2CONHMH — 


68 


642 ([M-H]-, 100%) 


88 




94 


583 ([M-H]-, 100%) 


89 




96 


578 ([M-H]-, 100%) 


90 




96 


575 ([M-H]-, 100%) 
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91 




79 


561 ([M-H]M60%) 


92 


l;l 


92 


583 ([M-H]-, 100%) 


93 




99 


597 ([M-H]-, 100%) 


94 


Me 


17 


499 ([M-H]-. 100%) 


95 


N— 

HO'' 


38 


514 ([MtH]-. 100%) 


96 


H 


57 


528 ([M-H]-, 100%) 


97 


HO^ 


52 


542 ([M-H|-, 100%) 



Step (b) 



OH 




liillt 



Exan^le 
No 


R 


yield 
(%) 


MS (-ve ion electrospniy) m/z 


83 




96 


499 ([M-H]-, 100%) 


84 




100 


525 ([M-H]-, 50%), 223 (100%) 


85 


HjNNH 


53 


471 ffM-Hl-. 50%). 169 (100%) 


86 




77 


507 ([M-H]-, 100%) 


87 


HjNCHgCONHNH 


59 


SSS rfM-H]-. 100%) 
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88 


HO~W~ 


100 


569 ([M-H]-, 100%) 


89 




81 


564 ([M-H]-, 100%) 


90 




93 


561 ([M-H]-, 100%) 


91 




100 


547 ([M-H]-, 100%) 


92 




100 


569 ([M-H]-, 100%) 


93 




100 


583 ([M-H]-, 100%) 


94 


HjN— N 

Me 


60 


485 ([M-H]-, 100%) 


95 


HO^^*"^ ^ 


100 


500 ([M-H]-, 100%) 


96 




100 


514 ([M-H]-, 100%) 


97 


HO*^ 


100 


528 ([M-H]-, 100%) 



Example 98 - {3,4-Dihydro-2-(2-(glycylaininoethyI)aniino]-4-oxopyriniidine-5- 
carboxylic acfd}inutilin 14-ester 

S^"^ .OH 



HjNCH^CONH 




Mini 



(a\ f3.4-Plhvdro-2-f2-fBOCglvcvlamlnoetlivnaniinol-4-o xoDvrimidine-S-carboxvlic 
addlmnfilin 14-ester 
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A solution of {3,4-dil 




•2-[2-aniinoethylammo]-4-oxopyriinidme-5" 




»xyl]c acidjimitilm 



14-ester (150mg) in dichloromethane (3ml)/DMF (1ml) was ice-cooled, treated with BOC glycine 
(53mg), pyridine (0.024nil) and dicyclohexylcarbodiimide (74mg) and stirred overnight EtOAc 
(20ml) was added, the solution washed with water (3 x 20ml), dried and evaporated. 
Chromatography (CHCl3/MeOH/0.88NH3 aq) gave the title compound (193mg). MS (+ve ion 
electrospray), m/z 658 (MIT**, 100%), 

(b) (3,4-Dihvdro-2-f2-fglvcvlaminoethvnaminoM-oxoDvrimidine-S*carboxvllc acid^matilln 
14'"ester 

The material from step (a) was dissolved in TFA (10ml), kept 2 hours and evaporated. The 
residue was dissolved in excess aqueous NaHC03 and extracted several times with 10% 
EtOH/CHC]3. The organic was dried and evaporated to give the title compound as a white solid 
(1 50mg). MS (-ve ion electrospray), m/z 556 ([M-H]-, 1 00%), 

Example 99 - [3,4-Dihydro-2-(4-glycyM-pipera2lnyl)-4"Oxopyrimidine-5-carboxyllc 
acidjmutilui 14-ester 

Prqjaration according to the procedure of Example 98. MS (-ve ion electrospray), ?n/z 5S2 ([M- 
H]-, 75%), 280 (100%). 

Example 100 - {3,4-Dihydro-2-[2-(carboxamidomethylamlnoethyl)amIno]-4- 
oxopyrimidine-5-carboxylic acid}mutilin 14-ester 



A solution of {3,4-dihydro-2-[2-aminoethyIamino]-4-oxopyrimidine-5-<:aiboxylic acid}mutilm 
14-ester (150mg) in DMF (4ml) was treated with K2CO3 (83mg) and 2-bromoacetamide (41mg), 
stirred overnight and evaporated to dryness. The residue was taken up in chloroform, applied to a 
silica column and eluted CHCl3/MeOH/0.88NH3 (aq) to give title compound (65mg). MS (-ve 
ion electrospray), wi/z 556 ([M-H]-, 100%). 

Example 101 - I3,4-Dihydro-2-(4-carboxamidomethyl-l-pipera2inyI)-4- 
oxopyrimidine-5-carboxylic acid]mutilfai 14-ester 




iiiiiii 



OH 
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Preparation according to the procedure of Example 100. MS (-ve ion electrospray) m/z 582 ([M- 
H]-, 95%), 280 (100%). 

5 

Example 1 02 - (4-Oxo-6,758,9-tetrahydro-4H-pyriinido[l^-a]pyrimidine-3- 
carboxylic acid)niutilm 14-ester and (2-oxo-6,7,8,9-tetrahydro-2H-pyriniido[l,2- 
a]pyrimidine-3-carboxylic acid)mutilin 14-ester 




10 

A solution of [3,4-dihydro-2-(3-hydroxypropylaniino)"4-oxopyriniidine-5-carboxylic acitf) (3R> 
3-deoxo-l l-deoxy-3-meflioxy-l l-oxo-4-qpimutilin 14-ester (lOSmg) in dichlbromethane (3nd) 
was treated with triethylamine (0.04 1ml) and methanesulfonyl chloride (0.023nil) and left 24 
hom^. The solution was added to a silica column and eluted with CHCl3/MeOH/0.88NH3 (aq) 
15 mixtures to separate 2 compounds. These were both treated with acid as in Example 82 step (b) 
to piovide the title compounds. 

(4-Oxo-6,7,8,9-tetrahydro-4H-pyrimido [l,2-a]pyrimidine-3-carboxylic acid) mutilin 14-^ester 
(less polar, 19mg). MS (-ye ion electrospray), m/z 496 ([M-H]-, 100%). UV (EtOH) Xmax 
20 309nm(fi 11930). 

(2-Oxp-6,7,8,9-tetrahydro-2H-pyrimido[l,2-a]pyrimidine-3K:arboxylicacid)mutito 14-ester 
(more polar, 15mg)- MS (-ve ion electrospray), m/z 496 ([M-H]-, 100%). UV (BtOH) 
284nm(e7350). 

25 

Example 103 - [l-Ethyl-6-fluoro-4.oxo-7-(4-methylsulfonylpipera2in-l-yl)-l,4- 
dihydroquinDline-3-carboxylic acidjmutilin 14-ester 
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[l-Ethyl-6-fluoro-4-oxo-7-(piperazin-l-yl)-l,4"dihydro quinoline carboxylic acid]mutilin 14-ester 
(Example 34) (O.lg) in dichloromethane (lOmI) was treated with triethylamine (0.025ml) and 
metbanesulfonyl chloride (O.OMml) and stirred at ambient temperature for 18 hours. The solution 
was washed with water, dried (Na2S04) and evaporated to dryness to give the title compound 
(0.078g, 70%). MS (-ve ion electrospray), m/z 758 (MOAc-, 100%). 

Example 104 - [l-Ethyl-6-fluoro-4-oxo-7-(4-carbamoylpiperazin-l-yl)-l,4- 
dihydroquinoline-3-carboxylic acidjmutilin 14-ester 




[l-Ethyl-6-fluoro-4-oxo-7-(pipera2in-l-yl)-l,4-dihydroquinoIine-3-carboxylic acid]mutilin 14- 
ester (O.lg) in dichloromethane (10ml) was treated with trimethylsilyl isocyanate (0.024g) and 
stirred at ambient temperature for 1 8 hours. The mixture was washed with wat^, sq>arated, dried 
and evaporated to give title compound (0.088g, 82%). MS (-ve ion electrospray) m/z 723 (MOAc* 
,100%). 

Example ICS - f2-Aminonlcotinlc acid> mutilin 14-ester 

fa) f2>Aminonicotinic acid) f3RV3-deoxo-ll-deoxv-3'mefhoxv»ll-oxo-4>epimutiHn 14>ester 
The product of Example 20 (200mg) and 32% aqueous ammonia (10ml) were heated overnight in 
a bomb at 150*^C, cooled and evaporated to give the title compound as a brown solid (180m^. 
MS (+ve ion chemical ionisation) m/z 455 (MH+, 30%), 285 (100%). 
(T>) f2*Aminonicotinfc add) mutfHn 14-ester 

Material from step (a) was rearranged by the procedure of Example 14 step (b) to give title 
compound (52%). MS (+ve ion chemical ionisation) m/z 441 (MIT^, 100%). 
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Example 3 06 - (2-MenfvJthlonicotinic add^ mutilin 14-ester 

ra^ (2-Mefhvlthionicotinic acidl f3RV3>deoxo»ll-dedxv-3-ni ethoCT-ll-03co-4>epiiiiutiHn 14- 
ester 

The product of example 20, (200mg) in THF (20ml) was treated with sodium thiomethoxide 
(60ing) and refluxed overnight Solvent was evaporated and the residue partitioned between 
saturated aqueous NaHCOs (20nJ) and dichloromethane (20ml). The organic was dried and 
evaporated to give the title compound (1 OOmg). MS (+ve ion cheinical ionisation) m/z 486 
(MH+, 100%). 

(h\ f2>Methvlthion!cotinic acid) mutilin 14-ester 

Material from step (a) was rearranged by the procedure of Example 14 step (b) to give title 
compound (50%). MS (+ve ion chemical ionisation) m/z 472 (MH+, 100%). 

Example 107 - r7-(Piperazin>l-vn'4-oxo-1.4-dihvdropvrimidor4,S-c lDvrida2ine-3-carboxvlic 
acidll9,20-dihvdromutilin 14-ester 



(a\ r7-MethvlsulfonvM>oxo-1.4-dihvdropvrimidor4.5-cl Pvridazine--3-carboxvHcacid)19,20- 
dfhvdromutntn 14-ester 

(7-MethyIthio-4-oxo-l,4-dihydropyrimido[4,5-c]pyrida2ine-3-caiboxylic acid)19^0- 
dihydromutilin 14-ester (Example 8) (0.14g) in chloroform (10ml) was treated with 3- 
chloroperoxybenzoic acid (0.127g) and stiired at ambient temperature for 18 hours; The mfacture 
was washed wiA saturated sodium bicarbonate, dried and evaporated to dryness to give the title 
compound (0.14g). MS (-ve ion electrospray) 573 (IM-H]", 100%). 

(b) r7-f4-t-RMtoxvcarbonvlpiperaz!n-l>vn-4-oxo>1.4-dihvd ropvrimidor4,S>clPvridazine-3- 
carboxvHc add)19.20-dihvdromutilin 14-ester 

(7-Methylsulfonyl-4.oxo-l ,4-dihydropyrimido[4,5-c]pyridazine-3-caiboxylic acid)19,20- 
dihydromutilin 14-ester (0.14g) in ethanol (10ml) was treated witti l-tert- 
butyloxycarbonylpiperazine (0.097g) and heated under reflux for 1 hour, allowed to cool then 
evaporated to dryness. The residue was partitioned between saturated sodium hydrogen 
carbonate and dichloromethane. The organics were separated and dried (Na2S04) then 
evaporated to dryness. Chromatography, eluting with 2:1 ethyl acetate/hexane gave the title 
compound (0.108g, 64%). MS (-ve ion electrospray) m/z 679 ([M-H]-, 100%). 
(c\ r7-(Piperflzin-l-vn-4-oxo>l ,4-df hvdropvrim ldo r4.5>clpvHdaz3ne-3-carboxvlic 
acid^l9.20-dihvdromutilin 14-ester 
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Material from step (b) was deprotected by the procedure of Example 98 step (b) to give title 
compound (82%). MS (+ve ion electrospray) m/z 581 (MH^", 100%). 

ExaniDle 108 - fl>Amino-2-hvdroyvnicotinic acid^ mutlHn 14-ester 

// 




A solution of (2-hydroxynicotinic acid) mutilin 14-ester (70mg) in DMF (lOml) was treated with 
potassium carbonate (44mg) and stiired for 3 houre. 0-(2,4-dinitrophenyl)hydroxylaniine 
(3 1 .6mg) was added and stirring continued for 3 days. The solvent was evaporated to dryness 
and the residue chromatographed, eluting with EtOAc/hexane, to provide the title compound 
10 (40mg). MS (-ve ion electrospray) m/z 515 (MOAc", 60%), 455 ([M-H]", 80%), 153 (100%). 

Fvflm ples 109-116 w ere prepared analogously to Example 108 

/ 

OH 




•illM 



Example 
No 


R 


yield 
(%) 


MS (-ve ion electrospray) m/z 


109 


NH2 


83 


456([M-H]M00%) 


110 




71 


456 ([M-H]- (100%) 
















111 




64 


456 ([M-HJ- (100%) 
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m m 


112 






456 ([M-H]- (100%) 










NH, 






113 


V 


44 


455([M-Hri-(100%) 


1 14 


jj 


' 77 


505 flM-Hl". 100%) 


















ocV 






116 




89 


507 ([M-H]-, 40%), 109 (100%) 



Example 117 - [l-Amino-4-oxo-7-(pipera2in-l-yl>l,4-dlhydropyrImJdoI4,5-c]pyrida2lne-^ 
carboxylic acid]19,20-dihydroinatUIn 14-ester 




5 

/a) n>Amino-4>oxo-7-(4-t-butoYvcarbonvlpiperazin>l>vn-l,4 -dihvdroDvrimidof4^ 
clpvridazine-3-carboxvlic acid119.20>dihvdroiiiutiHn 14-ester - A mination of [7-(4-t- 
butoxycarbonylpipera2m-l-yl)-4-oxo-l,4-dihydropyrimido[4,5-c]p5^ 

acid]19,20-dihydroiniitilm 14-ester (Example 107 step (b)) by the procedure of Example 108 gave 
10 title compound (100%), MS (-ve ion electrospray) m/z 694 ([M-H]-, 75%), 109 (100%). 
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fb"^ [l-Am!nO"4>oxo^7^iperazin-l-vlV1.4>dihvdropvr!midof4,5-c1pvridazlne-3-carboxv^^ 
acid119>20"dihvdroniutniii 14-ester - M aterial from step (a) was deprotected by the procedure of 
Example 98 step (b) to give title compound (38%). MS (+ve ion electrospray) m/z 596 ^d^, 
65%), 292 (100%)- 

Example 118 - fl.6-Dihvdro-l-methvlamino-6-oxopvridazine-5-carboxvlic acld^inutilin 14" 
ester 




NHMe 



10 



15 



20 



A solution of (3-pyridazinol-4-carboxyIic acid)mutilin 14-ester (Example 14) (182mg) in DMF 
(3ml) was treated with K2CO3 (1 lOmg) and 0-(2,4-dinitrophenyl)-N-methylhydroxylamine 
Cr.Sheradsky, G.Salemnick and Z.Nir, Tet (1972), 28, 3833-43) (ISOmg) and stirred 2 days. The 
solution was evaporated to dryness, the residue taken up in EtOAc, washed 3 times with water, 
dried and evaporated. Chromatography (EtOAc/hexane 1:1) gave tiie title compound (1 lOmg). 
MS (-ve ion electrospray) m/z 470 ((M-H]-, 35%), 427 (100%). 

Example 119 - a.4-Dlhvdro-l-methvlamino-6'OXOPvrldazine>5Hcarboxvllc acid^mutilin 14- 
ester 



MeHN 




OH 



■Illll 



The title compound was prepared by the procedure of Example 118 (30%). MS (-ve ion 
electrospray) w/z 470 ([M-H]-, 20%), 427 (100%). 



Example 120 - ri,6>Dihvdro>l-fN-methvl-N-a)Vprolv]aminoV6-oxopv rldazlne-S-carboxvllc 
25 acidlmutilln 14-ester 
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(b) fl.6-Dfhvdro-l-fN-BOC-fl>VDrolvlaniinoV6-oxopvridazSne-5-carboyvlic add! f3RV3- 
deoxO'll*deoxv>3'methoxv>ll-oxo>4-epimutilin 14>ester - A solution of (1,6-dihydro-l -81111110- 
6-oxopyridazine-5-carboxylic acid) (3R)-3-deoxo-ll-deoxy-3-methoxy-ll-oxo-^-epimutilin 14- 
ester (70mg, prepared from [l,6-dihydro-6-oxopyrida2me-5-carboxylic acid](3R)-3-deoxo-ll- 
deoxy-3-metho>o^-l l-oxo-4-epimutilm 14-ester by the procedure of Example 108) in 
dichloromeftane (lml)/DMF (1ml) was ice-cooled, treated with BOC-(D)-proIine (96mg), 
pyridine (0.036ml) and dicyclohexylcarbodiimide (140mg) and stirred overnight The mixture 
was diluted with EtOAc (15ml), washed with 0.5N HQ, water and aqueous NaHCOs (15ml 
each), dried and evaporated. Chromatography gave the title compound (48mg). MS (-ve ion 
electrospray) m/fe 667 ([M-H]-, 100%). 

rbl ri ,6-Dihvdro-l-fN-niethvl-N-BQC-a)VprolvlaminoV6-oxopvridazlne-5>ca rboxvHc acid] 
r3RV3-deoxo-3 l-deoxv-3-methoxv-ll-oxo-4>epimutnin 14-ester - M aterial produced as in step 

(a) (94mg) in DMF (2ml) was treated with K2CO3 (2 Img) and Mel (0.0093ml) and stirred 
overnight. The mixture was diluted with EtOAc (15ml), washed with water (3 x 15ml), dried and 
evaporated. Chromatography (EtOAc/hexane) gave tifle compound (86mg). MS(+ve ion 
electrospray) m/z 705 (MNa+, 100%), 683 (Nffl+, 15%). 

(cV ri,6>Dihvdro-l-nV-methvI-N-mVprolvlamlnoV6-oxo Dvrida2ine-5-carboxvlic 
acidlmutilin 14-ester - M aterial from step (b) was subjected to tiie procedure of Example 14 stq> 

(b) to give titie compound (70mg). MS (+ve ion electrospray) m/z 569 (MH+, 100%). 

Example 121 - ri.6>Dlhvdro-l-fN-methvl-N-rLVtrans-4-hvd roxvprolvlaminoV6- 
oxopvridazine-S-carboxvlic acidlmutilin 14-ester 
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OH 



iiiiiit 



O 



N— Mo 




(b) fl,6>Pihvdro«l>nV-BQC-rLVtrans-4-hvdroxvprolvlaminoV6-ox oDvndazlne-5-carboxvM^ 
acidlmutilin 14-esten - A solution of n,6-dihydro-l-aminO'6'OXopyrida2ine-S-'Cart)Oxylic 
acid)mutilm 14-ester (200mg) in dichloromethane (3ml)/DMF (3ml) was ice-cooled, treated with 
BOC-(L)-tran5-4-hydroxyproline dicyclohexylamine salt (290mg), pyridine (0.106ml) and 
dicyclohexylcarbodiimide (4 12nig) and stirred 2 days. The mixture was diluted with EtOAc 
(20ml), washed 0.5N HCl, water and aqueous NaHC03 (20ml each), dried and evaporated. 
Chromatography (EtOAc) gave the title ompound (200mg). MS (-ve ion electrospray) m/z 669 
([M-H]-, 100%). 

(h\ fl,6-Dlhvdro-l-rN-methvl>N-BOC>nLVfrans-4-hvdroxvDrolvla mlnD)-6-oxopvrldazine-5- 
carboyylic acidlmutiHn 14>ester. - M aterial from step (a) was converted into title compound by 
the procedure of Example 120 step (b) (1 lOmg). MS (+ve ion electrospray) m/^ 707 (MNa+ 
50%), 685 (MH+, 15%), 283 (100%). 

fc^ fl.6-Dihvdrd-l-fly-methvl-N-a.Vtrans-4-hvdroxvpr olvlamlnoV6-oxopvrldazine-^ 
carboxvlic acidTmutnin 14-ester, - M aterial from step b) was dissolved in TFA, left 1.5 hours 
and evaporated. The residue was taken up in chloroform (10ml), washed with aqueous NaHCXDs 
(10ml), dried and evaporated to give title compound (76mg). MS (+ve ion electrospray) m/z 585 
(MH+, 100%). 

Example 122 > ri.(N>methvl>N-rDVprolvlam!noV2-oxo-1.2-d ihvdroDvridine-3>carboxvllc 
acidlmutilin 14-ester 




O 



inilll 



OH 
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ester - A solution of (l-animo-2-oxo-l,2-dihydropyridme-3-caiboxylic acid)miitilin 14-ester 
(1 .83g) in DMF (30ml) was treated witb BOC-(D)-proline (1.72g), l-liydroxy-T-azabenzotriazole 
(165mg) and l-(3-diniethylaniinopropyl)-3-ethylcarbodiimide hydrochloride (1.54g) and stirred 
5 16 hours. Work up as in Example 120 step (a) gave title compound (2.3g). MS (-ve ion chemical 
ionisation) m/z 652 ([M-H]-, 100%). 

(b^ ri-fN*methvl*N>BOC>fl)VDroIv]aminoV2-oxo-U-dihvdropvridine-3-carboxvlic 
acidlniutilin 34>ester » M aterial from step (a) was methylated by the procedure of Example 120 
step (b) to give title compound (59%). MS (+ve ion chemical ionisation) m/z 690 (MNa"*", 100%). 
10 (rt fl>fN-niethvl-N-fDVprolvlaminoV2-oxO'l,2-dihvdropvridlne>3>carboxvllc 

acidTmutilin 14-ester - M aterial from step (b) was deprotected by the procedure of Example 121 
step (c) to give title compound (59%). MS (-fve ion chemical ionisation) m/z 590 (MNa"*", 100%). 

Example 123 - fl.6"Dlhvdro-l-fN-methvl-N-sarcosvlaminoV6-oxopvrida2Jne'S-carborvlic 
15 acidlmutilin 14-ester 



OH 



iiiiii 




CH^NHMe 

fa^ ri.6-Dihvdro-l-bfs>fBOC-sarcosvl)amino-6-oxopvridazine-S-carboxvUc addlmutilin 14- 
ester^BOC sarcosine was reacted by the procedure of Example 120 to give title compound 
(76%). MS (+ve ion electrospray) m/z 822 (MNa+ 90%), 817 (MNH4+, 80%). 342 (100%), 

20 fb> fl^6-Dihvdro-l-(BOC-sarcosvIaminoV6-oxopvrldazine-5-carboxvlic acidlmutilin 14« 
ester - M aterial from step (a) (200mg) in dioxan (5ml)/water (2ml) was treated wifli 2N NaOH 
(0.325ml), stirred 2 hours and treated with water (10ml) and 2N HCl (0.35ml). After extraction 
with EtOAc (20ml), the organic was dried and evaporated. Chromatography gave title compound 
(78mg). MS (-ve ion electrospray), m/z 627 ([M-H]", 1 00%). 

25 (c) ri .6>Dihvdro-l-(N'methvl-N-BOC-sarcosvlaminoV6-oxopvrldazine-5-carboxvlic 

acidlmutilin 14-ester -M ataial from step (b) was methylated by the procedure of Example 120 
step (b) to give title compound (95%). MS (-ve ion electrospray) iw/fe 701 (MOAc*, 100%), 641 
([M-H]-, 20%). 

fd) ri-6-Dihvdro-l-fN-methvl-N-sarcosvlaminoV6-oxopvrida2ine-5-carboxvlic acidlmutilin 
30 14-ester - M aterial from step (c) was deprotected by the procedure of Example 121 step (c) to 
give title compound (100%). MS (+ve ion electrospray) m/fc 543 (MH+, 100%). 



Examples 124-139 w ere prepared tising the procedures from Examples 120-122. 
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Thioinoipholine-4-aceticacid S,S-dioxide OSxample 1 30) was obtained fiom Maybridge 
Chemical Co., Tintagel; inorpholine-4-acetic acid (Example 131) fiom J. Rautio etal., J. Med. 
Chenu (2000), ^5,(8), 1489-94 and thietane-3-carboxylic acid (Exan5)le 126) bom Allenmaik, 
Acta. Chem. Scand. (1964), 18, 2197-8. 
Step fa) 




■itiii 



Example 
No 


R 


yield 
i/o; 


MSm/z 


124 


BOCMCHgCONH^ 


41 


(-ve ion chemical ionisation) 
626 aM-H]-, 100%) 


125 




25 


(-ve ion electrospray) 
563 ([M-H]-, 100%) 


126 


sf^— CONH\ Jlv^^ 


26 


(-ve ion electrospray) 
555 ([M-H]-, 100%) 


127 




41 


(-ve ion electrospray) 
560 ([M-H]-, 100%) 


128 




46 


(-ve ion electrospray) 
497 ([M-H]-, 100%) 


129 




71 


(-ve ion electrospray) 
612 ([M-H]-, 100%) 


130 




72 


(-ve ion electrospray) 
630([M-H]-, 100%) 
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131 




70 


(-ve ion electrospray) 
582 ([M-H]-, 100%) 


132 




69 


(-ve ion electrospray) 
666([M-H]M00%) 


133 


loc Us^x^ 


79 




134 




54 


(-ve ion electrospray) 


135 


<f>— CONHs, JL/ 

L CX 


65 


(-ve ion electrospray) 
638 ([M-HJ-, 100%) 








136 


^y^"""coL 

BOC 


27 


(-ve ion electrospiay) 

652 ffM-Hl" 12%) 153 fI0O%) 








137 




41 


(-ve ion electrospray) 


138 


NHCOCHgl^ y3 


53 


(-ve ion electrospray) 
634 ([M-H]-, 100%) 



-65- 



wo 02/121W 



PCT/EPOl/08949 



139 


NHCO— C J 
BOC 


75 


(-ve ion electrospray) 
704([M-H]-,100%) 








SteD (V\ 


RCOO""'"! 






Example 
No 


R 


yield 


MSm/z 


124 


Me p 
BOCIjlCHaCoA^^^JL^ 


85 


(-ve ion chemical iohisation) 
700 (MOAc-. 100%) 


125 


^^^^ 


50 


(+ve ion chemical ionisation) 
601 (Mha+ 100%) 


126 


Me Q 


100 


(-ve ion electrospray) 
629(MOAc-, 100%) 


127 




25 


(-ve ion electrospray) 
638CMOAcM00%) 


128 




30 


(-ve ion electrospray) 
571 (MOAc-, 100%) 
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129 , 


Me Q 
BOCNHCH,CON^ JL, ^ 


23 


(-ve ion electrospray). 
626 OM-H]-, 100%) 


130 




54 


(-ve ion electrospray) 
704 (MOAc-, 100%) 


131 


Me 0 


57 


(-ve ion electrospray) 
656 (MOAc-, 100%) 


132 


BOC J* 


74 


(-ve ion electrospray) 
740 (MOAc-, 100%) 








133 




74 




134 


HO 


35 




135 


BOC 


74 


(-ve ion electrospray) 
712 (MOAc-, 100%) 


136 


fi 11 

i!^ 1) 


98 


(-ve ion electrospray) 
726 (MOAc-, 100%) 










loc 







Step frt 



wo 02/12199 



PCT/EPOl/08949 



OH 




•mil 



O 



Exanq>le 
No 


R 


yield 

(%) 


MSm/z 


124 


MeNHCH,CON^ JL^ 


94 


(-ve ion chemical ionisatioii) 
540 ([M-H]-, 100%) 


129 


0 

H,NCH,CON^ JL^ 

■LQr 


62 


(-ve ion electrospray) 
526 (jM-H]-, 100%) 


132 




30 


(-ve ion electrospray) 
580 ([M-H]-, 100%) 


133 




50 


(-ve ion electroq)ray) 
/nv>r in- i mv>jc\ 


134 


" >- Or 


60 


(-ve ion electrospray) 
582 (tM-HT. 100%) 


135 




66 


(-ve ion electrospray) 
552 ([M-H]-, 100%) 


136 




94 


(-ve ion electrospray) 
566 ([M-Hr, 100%) 
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Example 140- {l-IN-MethyKN-(N-methyl-(D)-proIyI)aininoJ-2-oxo-l,2- 
dihydropyridine-3-carboxylic acid}inutilin 14-cstcr 




iiiiii 



[l-0^-MethyI-N-(D>proIylamino)-2-oxo-l,2-dihydropyridiiie-3-car^ acid]mutilm H-esto 
was methylated by the procedure of Example 120 (step (b). Chromatography gave the title 
compound (48%). MS (+ve ion chemical ionisation), m/z 604 (MNa+ 100%). 

10 Example 141 - (l-MethyIamino-2-oxo-l,2-dihydropyridine-3-carboxylic acid)mutilin 
14-ester 



A solution of [l-(N-methyl-N-(P)-prolylamino)-2-<)xo-l^-dihydropyridine-3-carto^ 
15 acid)mutiHn 14-ester (65mg) in dioxan (lml)/water (1ml) was treated with 2N NaOH (0.2ml) and 
heated at eO'^C for 1 6 hours. The mixture was partitioned between dichloromeftane and water, 
the organic dried and evaporated. Chromatography gave the title compound (8mg). 

Example 142 - {l-[N-(l,l-dioxothietane-3-carbonyl)-N-methylamino]-2-oxo-i;S- 
20 dihydropyridine-3-carboxylic acid}mutiliii 14-ester 



MeNH^ 




Slllll 



OH 



A solution of {l-[N<thietane-3K;ari>onyl)-N-mettiylamino]-2-oxo-l^-dihydr^ 
caiboxylic acid}mutilm 14-ester (99mg) in dichloromethiane (4ml) was treated with i»- 
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chloroperbenzoic aci^^ng), stirred 1 hour, washed with aqueous Nj^^s (5ml), dried and 
evaporated. Chromatography gave the title compound (48mg). MS (+ve ion chemical ionisation) 
OT/z625(MNa+ 100%). 

Example 143 - (l-Formainido-2-oxo-l^-dihydropyridine-3-carboxyUc acid)mutilm 
14-ester 




HCONHx^ 



A solution of (l-ammo-2-oxo-l,2-dihydropyridine-3-carboxylic acid)mutilin 14-ester (507mg) in 
formic acid (10ml) was treated at 0**C with a prepared mixture of formic acid (20ml) and acetic 
anhydride (20ml) and stirred overnight at room temperature. Evaporation and chromatogr^hy 
gave title compound (lOOmg). MS (-ve ion electrospray) m/z 483 ([M-H]-, 100%). 

Example 144 - {l.[N-Formyl-N-{4-pyridylmethyl)aminol-2-oxo-l,2-dihydropyridine- 
3-carboxyIfc acld)mutilin 14-ester 




A solution of (l-formamido-2-oxo-l,2-dihydropyridine-3-carboxylic acid)mutilin 14-ester 
(lOOmg) in DMF (4ml) was treated with K2CO3 (200mg) and 4-bromomethylpyridme (260mg), 
stirred overnight and partitioned between water and dichloromefliane (20ml each). The aqueous 
was re-extracted with dichloromethane and the orgmic dried and evaporated. Purification by 
preparative HPLC gave the title compound (26mg). MS (+ve ion electrospray) m/z 576 0klH+, 
40%), 23 1(100%), 

Example 145 - [1^ -Isonicotinoyl-N-methylainIno)-2-oxo-l^-dihydropyridine-3- 
carboxylic acid]inutilin 14-ester 
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(a) [l-(N-isonicotinoylamino>2M)xo-l,2-dihydropyridine-3-carboxyBcacid]mutiIto 
14-ester - Isonicotinic acid (82mg) in dichloromethane (4ml) was treated with DMF (1 
drop) and oxalyl chloride (0.15ml), stirred 3 hours and evaporated to dryness. The 

5 resulting acid chloride was dissolved in pyridine (10ml) and treated with a solution of (1- 
amino-2-oxo-l ,2-dihydropyridine-3-carboxylic acid)mutilin 1 4-ester (200mg) in pyridine 
(10ml), stirred overnight and evaporated. Chromatography (dichloromethane/methanol) 
gave the title compound (20mg), 

(b) [l.(N-Isonicotinoyl-N-methylamino)-2-oxo-l,2-dihydropyridine-3-carboxyBc 
10 acid]mutllin 14-ester -.Material from step (a) was methylated by the procedure of 

Example 120 step (b) to give title compound (95%). MS (+ve ion electrospray), m/z 576 
(MH+,40%),274(100%). 

Example 146 - (l-Acetamido-2-oxo-l52-dihydropyridine-3-carboxyHc acid)mutilin 
15 14-ester 




(a) (l-Diacetylamino-2-oxo-l^-dihydropyridine-3-carboxyIic acid)mutilin 14-ester 
. A solution of (l-amino-2-oxo-l,2-dihydropyridine-3-carboxylic acid)mutilin 14-ester 
(65mg) in dichloromethane (2ml) was treated with acetic anhydride (0.032ml), pyridine 
20 (0.056ml) and 4-dimethylaminopyridine (lOmg) and left overnight The solution was 
diluted, washed with 2NHC1 (5ml), dried and evaporated. CSiromatography gave title 
compound (36mg). 

Ob) (l.Acetamido-2-oxa-l,2-dihydropyridine-3-carboxyUc acld)mutilui 14-ester - 
Material from step (a) in dioxan (lml)/water (1ml) was treated wifli 2N NaOH (0.033ml), 
25 the solvent evaporated to dryness and the residue chromatographed to give title 
compound (6mg). 
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15 



Example 147 - (4-Oxo-l-(D)-prolylainino-l,4-dihydropyridoI2^-c]pyrida2ine-3- 
carboxylic acid)inutilin 14-ester 



.OH 



Hill 




(4-Oxo-l-(D)-BOC-prolylammo-l,4-dihydropyridot2,3-c]pyridazme-3-carboxylicacid)muti^ 
14-ester (Example 139) was deprotected by the procedure of Example 121 step (c) to give title 
compound (87%). MS (-ve ion electroqjray), mh 604 QM-H]-, 100%). 

10 Example 148 - (l,6-Dihydro-l-(N-methyl-N-(L>prolylamino)-6-oxopyridazlne-5-carboxyUc 
acid)muti]in 14-e^ter 



OH 



••nil 




(a) [l,6-Dihydro-l-(N-methyl-N-BOC-0L)-proIylamino)-6-oxopyrldaz!ne-5-carboxyllc 
acid]mutilin 14-ester - A solution of (l,6-Dihydro-l-methyIamino-6-oxopyridazine-5-caiboxyUc 
acid)mutilin 14-ester (90mg) in dichloromethane (1.3ml)/DMF (1.3ml) was ice-cooled, treated 
with BOC-(L)-proline (123mg). pyridine (0.046ml) and dicyclohexylcarbodiimide (ISOmg) and 
stirred overnight 4-Dimethylaminopyridine (20mg) was added, the mixture stirred overnight and 
worked up according to Example 120 step (a) to give title compound (80mg). MS (-ve ion 
electrospray) m/z 727 (MOAc", 100%), 667 ([M-H]-, 10%). 
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(b) [l,6-Dihydro-l-^^^thyl-N-(L)-prolyIamino)-6-oxopyrida2in^^MrboxyIlc 
acid]muti]in 14-ester - Material from step (a) was deprotected by the procedure of Example 121 
step (c) (100%). MS (+ve ion electrospray), mh 569 (MIT*", 100%). 

1h NMR 5(d5-DMSO at SO'Q inter alia 0.66 (3H, broad d, J 7.2Hz), 0.88 (3H, d, Jl IHz), 1.1 1 
(3H. s), 1.44 (3H, s), 2,42 (IH, broad s). 3.47 (IH, t, J10.4Hz), 5.0-5.2 (2H, m), 5.78 (IH. d, 
J13.4HZ), 6.21 (IH, dd, J28 and 1 8Hz), 7.79 (IH, broad s), 8.02 (IH, broad s). 

Example 149 - Il,6-Dihydro-l-{N-nie<hyI-N-(L>trans-4-metlioxyprolylamlno)-6- , - - . 
oxopyridazine-S-carboxylic addjmutilln 14-€i8ter 




(a) [l,6-Dihydro-l-(N-methyl-N-BOC-(L)-trans-4-niethoxyprolylamino)-6^ 
oxopyridazlne-S-carbcxyBc acidjmutilin 14-ester - BOC-(L)-trans-4-meflioxyproline 
(D.JJCyle and R.N.Hiner, PCT Int. Appl. (1992) W09218155) was reacted by the 
procediffe of Example 148 to give title compound (91%). MS (-ve ion electrospray) mAs 
757 (MOAc-, 100%). 

(b) Il,6-Dihydro-l-(N-methyl-N-(L)-trans-4-methoxyprolylamino)-6-oxopyridarine- 
5-carboxylic acidlmutllin 14-ester - Material from step (a) was deprotected by the 
procedtire of Example 121 stq) (c) (99%). MS (+ve ion electrospray) m/z 599 (MH+, 



Example 150 - [l,6-Dlhydro-l-(N-methyl-N-dimethylaminoacetylamiiio)-6- 
oxopyridazine-5-carboxyllc acid]mutiliii 14-ester 
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O 



N— Me 



COCHjNMe, 



A solution of (l,6-dihydro-l-methylamino-6-oxopyrida2ine-5-caTboxylic acid)niutil]n 14-ester 
(160mg) in dichloromethane (2ml)/DMF (2ml) was ice-cooled, treated with N^N-dimethylglycine 
(lOSmg), l-hydroxy-T-azabenzotriazole (136ing) and dicyclohexylcarbodiimide (310mg) and 
5 stirred 24 hours. The mixture was diluted with EtOAc (20m]), washed with aqueous NaHCOs 
and water (2 x 20ml), dried and evaporated. Chromatography (CHCls/MeOH/O.SSNHs (aq)) 
gave title compound (ISQmg). MS (+ve ion electrospray) mh 557 (MH+, 40%). 255 (100%). 

Example 151 - [l,6-Dihydro-l-(N-methyl-N-l-inethyl-(L)-prolylainino)-6- 
10 oxopyridazine-S-carboxylic acid]mutilin 14-ester 



N-methyl-(L)-proline was reacted by the procedure of Exanq)le 150 to give title compound 
(55%). MS (+ve ion electrospray) m/z 605 (MNa+, 100%), 583 .(MH+, 40%). 

Example 152 - (l-Methylamino-2-oxo-l,2-dihydropyrazine-3-carboxylic acid)mutilm 
14-ester 




N— Me 
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A solution of (2-oxo-l,2-dihydropyra2ine-3-carboxylic acid)inutilin 14-ester (93mg) in DMF 
(1.5ml) was treated with K2CO3 (61mg) and 0-(2,4-dinitropbenyl)-N-methylhydroxyIamihe 
(94nig), stirred overnight at room temperature then for 5 hours at 80°C. After partitioning 
between CHCI3 and 2N NaOH solution, the organic solution was dried and evaporated to 
dryness. Chromatograpnhy gave tide compound (19%), MS (+ve ion electrospray) mh 494 
(MNa+, 50%), 170 (100%). 

Example 153 (l-Methoxycarbonylamino-4-oxo-l,4-dihydropyrjdine-3-K:arboxylic 
acid)mutilin 14-ester 




A solution of (l-amino-4-oxo-l,4-dihydropyridine-3-carboxylic acid)mutilin 14-ester (lOQmg) in 
dichloromethane (20ml) was treated with triethylamine (0.029ml) and methyl chloroformate 
(0.017ml), stirred 18 hours at room temperature, washed with aquieous NaHCQs (20ml), dried 
and evaporated. Chromatography (EtOAc/hexane 1:1) gave title compound (20mg). MS (-ve ion 
electrospray) in/fc 513 ([M-H]-, 35%). 

Example 154 - (l,4-Dihydro-l-formamido-4-oxoqu!noline-3-carboxylic add)mutili]i 
14-ester 
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(l-Amino-4-oxo-l,4-diEydroquinoline-3-carboxyIic acid)inutilin 14-ester was fonnylated by the 
procedure of Example 143 to give title compound (86%), MS (-ve ion electrospray) m/z 533 ([M- 
H]-, 80%), 490 (100%). 

5 Example 155 - [l,4-Dihydro-l-(N-formyl-N-methylamino)-4-oxoquinoIlne-3- 
carboxylic acid)niutilin 14-ester 



(1 ,4-Dihydro- 1 -fonnamido-4-oxoquinoline-3-carboxylic acid)mutilin 1 4-ester was methylated by 
the procedure of Example 120 step (b) to give title compound (36%). MS (+ve ion electrospray) 
10 77z/z571(MNa+ 35%),310(100%). 
ExaInple 156 - [l-(3-PyridylmethyIeneamino)-2-oxo-l,2-dihydropyrldine-3- 
carboxylic acid)mutillii 14-ester 



15 A solution of (l-amino-2-oxo-l,2-dihydropyridine-3-carboxylic acid)mutilin 14-ester (536mg) in 
methanol (10ml) was treated with HOAc (0.5ml) and nicotinaldehyde (510mg), refluxed 16 hours 
and evaporated. The residue was taken up in chloroform (20ml), washed with water (20ml), dried 
and evaporated. Chromatography gave the title compound (380mg). MS (-ve ion electrospray) 
604 (MOAc-, 100%). 



Examples 157-164 were prepared by the procedure of Exanq)le 156. 

3-(3-Pyridyl)propanal was prepared according to N.Adje, F.Vogeleisen and D.Uguen, Tet, Lett, 
(1996), J7(33), 5893-6. 2-Dimethylaniinopyridine-5-carboxaldehyde was prepared according to 
1. Bennett, N. Broom, R. Cassels, J. Elder, N. D. Masson and P. O'Hanlon, Bioorg. and Med. 




Me NCHO 




20 



25 Chem. Lett. (1999), P(13), I847-1852, 
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Example 
No 


R 


yield 

(%) 


MSm/z 


157 




27 


(-ve ion electrospray) 
533 ([M-H]-. 100%) . 


158 




4 


(+ve ion clieniical ionisation) 
547 (MH+, 100%) 


159 


^^^^^ 


86 


(+ve ion chemical ionisation) 
589 (MH+, 100%) 


160 




34 


(-ve ion electrospray) 
577 ([M-HT, 100%) 


161 




68 


(-ve ion electrospray) . 
572 ([M-H]-, 100%) 


162 




69 
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10 



163 


1 




80 


(+ve ion electrospray) 

568 (MNa+, 45%), 244 (100%) 


164 




53 


(-ve ion electrospray) 
547 ([M-H]-, 100%) 



Example 165 - [l-(3-PyridyImethylainIno)-2-oxo-l,2-dihydropyridine-3-carboxyBc 
acid)mutilin 14*ester 

// . 

.OH 




mill 



A solution of [l-(3-pyridylmethyleneamino)-2-oxo-l^-dihydropyridine-3-carboxyIic acidjmutilin 
14-ester (88ing) in methanol (2ml) was treated with AcOH (0.04nil) and sodixun 
cyanoborohydride (20mg), heated at 40^C for 30 minutes and left 24 hours at room temperature. 
The mixture was diluted with dichloromethane (lOmJ), washed with aqueous NaHCX)3 (IQml), 
dried and evaporated Chromatogr^hy (EtOAc) gave title compound (1 5mg), MS (-ve ion 
electrospray), m/z 606 (MOAc', 100%). 

Example 166 - {l-[3-(3-Pyridyl)propylaminp]-2-oxo-l,2-dihydropyridine-3-carboxylic 
acidjmutilin 14-ester 
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A solution of {l-[3-(3-pyridyI)propyleneamino]-2-oxo-l,2-^ydit)pyri 
acid}mutilm 14-ester (120mg) in MeOH (2ml)/AcOH (2nil) was treated with sodium 
cyanoborohydride (25mg), stirred overnight and diluted with dichloromethane (20inl). The 
mixture was washed with excess aqueous NaHCOs, dried and evaporated to give title compound 
(102mg). MS (+ve ion electrospray), m/z 598 (MNa"*", 100%). 

Example 167 - {l-[N-MethyKN-3-(3-pyridyl)propyIamino]-2-oxo-l,2- 
dihydropyrjdine-3-carboxylic acid}mutiliii 14-ester 




The product fcom Example 166 was methylated by the procediu^ of Example 120 step (b) and 
purified by preparative HPLC to give title compound (31%). MS (+ve ion electrospray) m/z 590 
(MH+, 100%), 

Example 168- [l-(6-Dimethylamino-3-pyridylmethylamino)-2-oxo-l^ 
dihydropyridine-3-carboxyllc acid]mutiliii 14-ester 




A solution of [l<6-<limethylamino-3-pyridylmethyleneamino)-2-oxo-l,2-dihydropyridine-3- 
carboxylic acid]mutilin Master (206mg) in MeOH (20ml) with 10% Pd/C (50mg) was stirred 
under H2 at atmospheric pressure for 6 hours, filtered through kieselguhr and evaporated. 
Chromatography gave the title compound (64mg). MS (+ve ion chemical ionisation), m/z 591 
(MH+, 100%). 
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Example 169 - Il-(2-Aniino-3-metlioxy-6-pyridyImethylamino>2-oxa-l^- 
dihydropyridine-3-carboxylIc acid]inutilm 14-ester 




The title compound was produced from [l-(3-methoxy-2-nitro-6-pyridylmethyleneamino>-2-oxo- 
1 ^-dihydropyridme-3-caiboxylic acidjmutilin M-ester (Example 1 62) by the procedure of 
Example 168 (16%). MS (+ve ion chemical ionisation) m/z 615 (MNa+ 100%). 

Biological Data 

Compoiuids of the present invention were assessed for anti^bacterial activity in a 
conventional MIC assay against a range of pathogenic organisms. 

The compounds of Examples 1 to 169 were found to have MICs <4 ug/ml against 
Staphylococcus aureus Oxford, Streptococcus pneumoniae 1629 and Moraxella catarrhalis 
Ravasio. 
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CLAIMS 

1 . A compound of fomrnla (lA) or (IB): 




II 1 1 1 1 1 




m 

in which: 
Rlis: 

a 5- or 6-menibered aromatic or heteroaromatic ring attached via a ring carbon atom, 
10 preferably pyridyl, and comprising a substituent selected from halo, R^O-, R^S- or R^R^N- on a 
ring carbon adjacent to fbc carbon of attachment; or 

a 5- or 6-membered dihydro heteroaromatic ring attached via a ring carbon atom and 
comprising one oxygen or one or two nitrogen atoms and optionally fused to phenyl, a 5- or 6- 
membered heteroaryl ring comprising one or two nitrogen atoms or a 5- or 6-membered 
15 heterocyclyl ring comprising a sulphur, oxygen or nitrogen atom and further comprising a 

substituent selected from oxo or thioxo on a ring carbon adjacent to the carbon of attachment; 

a 6-membered tetrahydro heteroaromatic ring attached via a ring carbon atom comprising 
one or two nitrogen atoms and further comprising two substituents independently selected from 
0X0 or fliioxo wherein one of the substituents is on a ring carbon adjacent to the carbon of 
20 attachment; or 

a bicyclic heteroaryl ring attached via a ring carbon atom and comprising nine or ten ring 
atoms and from one to four nitrogen atoms; 

wherein the ring of R^ may be optionally further substituted; 
r2 is vinyl or ethyl; 

25 r3 is H, OH or F and R^ is H, or R^ is H and R^ is F and R^ and R^ together form an oxo group; 
or r3 and r4 is each H and R^ is H,or OH and R^ is H or R^ is H and R^ is H or OH; 
b7 is optionally substituted C(i.Qalkyl; and 

r8 and R^ are independently selected from hydrogen or optionally substituted C(i^alkyL 

30 2. A compound as claimed in claim 1 in which the ring in R* is selected from pyrazole, pyrazine, 
pyridine, pyrimidine, and pyran which may be optionally fused with a 6 membered aromatic or 
non-aromatic ring, optionally containing up to two nitrogen atoms, for instance quinoline, 
azaquinolone, diazaquinilone, pyrimido[4,5-c]-pyridazine, chromane 

35 3; A compoimd as claimed in claim 1 in which the ring in R^ is selected from 
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5. A compound as claimed in any one of claims 1 to 4 in which the ring of is selected fiom: 



5 




6. A compoxind as claimed in any one of claims 1 to 5 in which a substituent for a carbon atom of 
a ring in is selected from (Ci.6)alkyl, (Ci.5)alkylthio, amino, mono- and di-N- 
(Ci.6)alkylamino, RlO(Ci.6)alkylamino, imidazolmyl, piperidmyl, piperazinyl (optionally 
10 substituted on N by R^ pyridyl, hydrazino, N-(Ci.3)allo^lhydrazino, 

aminomethylcarbonylhydrazino, .heterocycIyl(Ci.3)allo^I m which heterocyclyl comprises a 6- 
membered ring with 1 nitrogen atom and optionally an oxygen or a second nitrogen, and in 
which: 

R^ 0 is hydroxy, amino, heteroaryl in which heteroaiyl comprises a 5 or 6-membered ring 
15 with 1 or 2 nitrogen atoms, heterocyclyl in which heterocyclyl comprises a 6-membered ring with 
1 nitrogen atom and optionally an oxygen or a second nitrogen, ^ -amino, in which: 

R^ ^ is (Ci.3)alkyl, hydroxy(Ci.3)alkyl, carbamoyl, methylsulfonyl, 
amino(Ci.3)allo^lcarbonyl, for instance glycy^ aminocarbonyl(Ci.3)alkyL 

20 7. A compound as claimed in any one of claims 1 to 6 in which a substituent for a nitrogen atom 
of a ring in R^ is selected from R^2(Ci.6)alkyl (preferably R^2(Ci.3)alkyl), amino, mono- or di- 
(Ci ^)alkylamino, N-(pyridyl(Ci.3)alkyl)-N-(Ci.3)alkylamino (in which pyridyl is optionally 
substituted, for example by (Ci^)alkoxy and/or amino, mono- or di-(Ci^)alkylamino), acyl- or 
sulfonyl amino, acyl- or sulfonyl- mono?Ci.6)alkylannno, optionally substituted phenyl, 

25 r130N-, Rl4(Ci^)alkylN(HMe)-, Ri5cON(H/Me> and r1%(CHO)., in which: 

r12 is hydrogen, halo, nitrilo, amino, (Ci.6)alkoxy, (Ci.3)alkoxy(Ci.6)alkoxy, (Ci. 
5)alkylcarboxy, (Ci.6)alkoxy, heteroaryl, heteroarylcarbonyl, imidazolylthio, heterocyclyl, 
optionally substituted phenyl; 

r13 is (Co-4)alkylheteroaryl in which the heteroaiyl ring is 5- or 6-membered and has 1 

30 or 2 nitrogen atoms, for example pyridine, pyrazine and imidazole and which may be substituted 
by 1 or 2 substituents, for instance by (Ci.6)alkoxy, nitro, amino, (Ci.6)all^laniino, di-(Ci. 
5)alkylammo, oxo; 

r14 is (Ci^)alkylheteroaiyl in which the heteroaryl ring is 5 or 6 membered and has 1 or 
2 nitrogen atoms, for example pyridine, and which may be substituted by 1 or 2 substituents, for 
35 instance by (C] .6)alkoxy, nitro, amino, (Ci ^)alkylamino, di-(Ci .6)alkylamino, oxo, 

R^5 is (Ci^)alkyl, (Ci.6)alkoxy, ammomethyl, mono or dialkyl(Ci^)aminomethyl, a 4, 
5 or 6 membered heterocyclic ring comprising a heteroatom selected from NH, NMe, and, for 
pyrrolidine, optionally substituted by hydroxy or methoxy, dioxothietane, imidazole, pyridine, 
pyridazine,t>yrimidine, pyrazine; and 
40 R^^ is hydrogen, (Ci.6)alkyl, benzyl orpyridinyhnethyl. 

8. A compound as claimed in any one of claims 1 to 7 in which R^ is selected from: 
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in which: 

is (Ci.6)alkyl, (Ci.6)alkoxy, aminomethyl, mono or dialkyl(Ci^)aniinomethyl, a 4, 5 or 6 
membered heterocyclic ring comprising a heteroatom selected from NH, NMe, and, for 
pyrrolidine, optionally substituted by hydroxy or methoxy, dioxothietane, imidazole, pyridine, 
pyridazine, pyrimidine, pyrazine, 
r17 is hydrogen or (Gi.6)alkyL preferably methyl, 
r18 is RlO(Ci.6)al^l, and R^^ is hydrogen, or 
r1 8r1 9n. fonn a piperazinyl ring optionally substituted on N by R^ 1, 
in which: 

rIO is hydroxy, amino, heteroaryl(Ci.3)alkyl in which heteroaryl comprises a 5 or 6-membered 
ring with 1 or 2 nitrogen atoms, heterocyclyl(Ci.3)aIkyl in which heterocyclyl comprises a 6- 
membered ring with 1 nitrogen atom and optionally an oxygen or a second nitrogen, R^ ^-amino, 
in which: 

r11 is (Ci.3)alkyl, hydroxy(Ci.3)alkyl, carbamoyl, methylsulfonyl, amino(Ci.3)allQrlcarbbnyl, 
for instance glycyl, aminocarbonyl(Ci.3)alkyL 

9. A compound as claimed in claim 8 in which moiety R^^NCO is derived finom (D)- or (L)- 
proline, more preferably (L)-proline. 

10. A compound as claimes in any one of claims 1 to 9 in which r3 and r4 are bofli hydrogen, 
and r5 and R^ together form an oxo group. 

11. A compound of formula (I) according to any one of Examples 1 to 169. 

12. A compound according to claim 1 selected from: 

(4-Oxo-6,7,8,9-tetrahydro-4H-pyrimido[l,2-a]pyrimidine-3-carboxylic acid) mutilin 14-ester ; 
[2-(3-Moipholino-propylamino)-6-oxo-l,6-dihydro-pyrimidine-5-carboxylic acid) mutilin 14- 
ester; 

(8-Ethyl-2-piperazin-l-yl-5-oxo-5,8-dihydro-pyrido[2,3-d]pyrimidine-6-caiboxyMcacid)mutito 
14-ester ; 

{l,6-Dihydro-l-IN-me%I-NKD>prolylammo>6-oxo-pyridazine-5-^ mutilin 14- 

ester; 

{l,2-Dihydro-l-|T^-methyl-N-(p)-prolylamino>2-oxo-pyridine-3-caA mutilin 14- 

ester; 

{l,6-Dihydro-l-p^-methyl-N-(L)-prolylamino]-6-oxo-pyridazine-5-carbox^^ acid} mutilin 14- 
ester ; and 

{l,6-Dihydro-l-pNr-methyl-N-(L>tranis-methoxy-prolylamuio]-6-oxo^ 
acid} mutilin 14-ester . 
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35 



13. A method of preparing a compound of formula (lA) or (IB) according to any one of claims 1 
to 12 which comprises reacting a compound of formula (HA) or (DB): 




••III wn /i4 >•»»>« 




5 (OA) 

in which: 

P is hydrogen or an hydroxy-protecting groxip; 

r2A^ r3A^ r4A^ r5A and R^^ are r2, r3, r4 r5 and as defined for formulae (lA) and (IB) 
or a group convertible to R2, r3, r4, r5 and R^ respectively; and is as hereinbefore defined; 
10 witfi a compound of formula (m): 

(m) 

in which: 

is r1 as defined for formulae (lA) and (IB) or a group convertible to R^; 
15 in an esterification reaction and thereafter, and if so needed; 
converting P to hydrogen, and if necessary 

converting an r2A r3A r4A r5A and R^A group to an r2, r3. r4 r5 and R^ gcoxsp. 

14. A pharmaceutical composition comprising a compound according to any one of claims 1 to 
20 12, and a phaimaceutically acceptable carrier or excipient 

15. A compound of formula Q) as defined in claim 1 for use in therapy. 

16. A method of treating microbial infections in animals, especially in humans and in 

25 domesticated mammals, which comprises administering a compound according to claim 1, to a 
patient in need fliereof. 

17. A method of treating or preventing recurrent otitis media or recurrent acute bacterial sinxisitis 
in humans, which comprises nasally administering a compound according to claim 1, to a patient 

30 in need thereof. 

18. Amethodoftreatmentof skin and soft tissue infections and in the treatment of acne in 
humans, which comprises topically administering a compound according to claim 1, to a patient 
in need thereof 



19. A compound of formula (lA) or (IB): 
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mil 0""(l* V'Hil 



OA) (IB) 

in which: 
r1 is: 

5 a 5- or 6-membered aromatic or heteroaromatic ring attached via a ring carbon atom and 

containing a substituent selected from R^O-, R^S- or r8r%- on a ring carbon adjacent to the 
carbon of attachment; or 

a 5- or 6-membered dihydro heteroaromatic ring attached via a ring carbon atom and 
containing a substituent selected from oxo or thioxo on a ring carbon adjacent to the carbon of 
10 attachment or 

a 6-membered tetrahydro heteroaromatic ring attached via a ring carbon atom and 
containing two substituents independently selected from oxo or thioxo wherein one of tiie 
substituents is on a ring caibon adjacent to the carbon of attachment; 

wherein the ring of may be optionally further substituted and/or may be fused to a. 
15 second optionally substituted 5, 6, or 7 membered aromatic or non-aromatic ring, optionally 

containing up to four heteroatoms, each of which is selected from oxygen, nitrogen and sulphur; 
r2 is vinyl or ethyl; 

R3isH,OHorF;andR4isH;orR3isHandR^isF; 

r5 is OH or H and r6 is H; or r5 is H and r6 is OH or H; or r5 and R^ together form an oxo 

20 group; 

r7 is optionally substituted alkyl; 

r8 and R^ are independently selected from hydrogen or optionally substituted alkyl; or 

r7, r8 or R^, together with the atom to which they are attached, may be form a second aromatic 

or non-aromatic ring fused to R* . 

25 

20. A compound according to claim 19 in which R^ is 4-substituted-qumolin-3-yl, 2-substituted- 
pyridin-3-yl, qumolin-8-yl, pyrazolo[l,5-a]pyrimidin-3-yl, 4-oxo-l,4-dihydro-quinolm-3-yl, 2- 
oxo-l,2-dihydro-pyridin-3-yl, 4-oxo-4-//-chromen-3-yl, 6-oxo-l,6-dihydro-pyridazin-5-yl, 2,4- 
dioxo-l,2,3,4-tetrahydro-pyrimidin-5-yl, 4-oxo-3,4-dihydro-pyrimidin-5-yI, 4-oxo-l,4-dihydro- 

30 [1 ,8]naphthyridin-3-yl, and 5-oxo-2,3-dihydro-5-if-thiazolo[3,2-fl]pyriniidin-6-yl, all of which 
may be optionally substituted. 

21. A compound according to claim 19 in which R^ is a 6-membered dihydro or tetrahydro 
heteroaromatic ring with an oxo substituent adjacent to the atom of attachment which rings may 

35 be optionally furflier substituted. 

22. A compound according to claim 19 or claim 20 in which R^ is optionally substituted 2- 
pyridone or 4-pyridone. 
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